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REPORT 


OF THE 

SECRETARY OF THE SMITHSONIAN INSTITUTION 

CHARLES D. WALCOTT, 

FOR THE YEAH ENDING JUNE 30, 1912, 


To the Board of Regents of the Smithsonian Institution,: 

GentIjEmen: I have the honor to submit herewith a report show- 
ing the operations of the Smithsonian Institution and its branches 
during the year ending Jiine 30, 1912, including the work placed by 
Congress under the direction of the Board of Regents in the United 
States National Museum, the Bureau of xVmerican Ethnology, the 
International Exchanges, the National Zoological Park, the Astro- 
physical Obsenmtory, and the United States Bureau of the Inter- 
national Catalogue of Scientific Literature. 

The general report reviews the afiairs of the Institution proper, 
with brief paragTa^ohs relating to the several branches, while the 
appendix presents detailed reports by those in direct charge of the 
work. Independently of the loresent report, the operations of the 
National Museum and the Bureau of American Ethnology are fully 
treated of in separate volumes. 

THE SMITHSONIAN INSTITUTION. 

THE ESTABLISHMENT. 

The Smithsonian Institution was created an establishment by act 
of Congress approved August 10, 1846. Its statutory members are 
the President of the United States, the Vice President, the Chief 
Justice, and the heads of the executive departments. 

THE BOARD OF REGENTS. 

The Board of Regents consists of the Vice President and the Chief 
Justice of the United States as ex officio members, three Members of 
the Senate, three Members of the House of Representatives, and six 
citizens, “ two of whom shall be resident in the city of Washington, 
and the other four shall be inhabitants of some State, but no two of 
them of the same State.” 
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In regard to the personnel of the board I may here record that 
Dr. James B. Angell, of Michigan, resigned on January 15, 1912, 
after an honorable service as Eegent for 26 years. The vacancy thus 
caused was filled by Congress by tlie appointment of Hon. Charlas W. 
Fairbanks, of Indiana, who as Vice President of the United States 
had formerly been a Regent from 1904 to 1909. Representatives 
Scott Ferris and Irvin S. Pepper were appointed Regents to succeed 
Representatives Howard and Mann. The roll of Regents at the close 
of the fiscal year was as follows: James S. Sherman, Vice President 
of the United States, Chancellor; Edw-ard D. White, Chief Justice 
of the United States; Shelby M. Gullom, Member of the Senate; 
Henry Cabot Lodge, Member of the Senate; Augustus O. Bacon, 
Member of the Senate; John Dalzell, Member of the House of 
Representatives ; Scotc Ferris, Member of tbe House of Representa- 
tives; Irvin S. Pepper, Member of the House of Representatives; 
Andrew D. White, citizen of Rew York; Alexander Graham Bell, 
citizen of Washington, D. C. ; George Gray, citizen of Delaware; 
Charles F. Choate, jr., citizen of Massachusetts; John B. Hender- 
son, jr., citizen of Washington, D. C.; and Charles W. Fairbanlts, 
citizen of Indiana. 

The annual meeting of the board was held on December 14, 1911, 
and the usual supplementary meeting’ on February 8-, 1912. The 
proceedings of these meetings and the annual report of the executive 
committee are printed in the customary form and the details need 
not therefore be repeated here. 

GENERAL CONSIDERATIONS. 

The affairs of the Institution and of its branches have been con- 
ducted during the year with success and, I trust, to the satisfaction 
of ail interested. The work covers practically the . entire field of 
natural and plij’sical science, as well as anthropological and archeo- 
logical researches. The extent of that work is limited only by the 
amount of the funds available. I refeired in my last I’eport to the 
establishment of a trust fund by Mrs. E. H. Harriman for carrying 
on certain research work, and I desire here to mention the generosity 
of several friends of the Institution who have provided means for 
engaging in certain biological expeditions. 

The equipping of the new National Museum building with cases 
and the installation of the collections progressed satisfactorily. It 
is anticipated that during the fiscal year 1913 the building will be 
entirely occupied and all the exhibition halls opened to the public. 
The great extent of this work may be best understood by the state- 
ment that the exhibition halls embrace an area of about 220,000 square 
feet, or 5 acres. The installation had been so thoroughly planned 
bj Assistant Secretary Rathbun and his associates that the work in 



all the departments has advanced in an orderly and systema-tic 
fashion. 

Although the new Museum building is intended primarily for the 
exhibition of natural-history specimens, the main floor of the large 
central hall has been temporarily given up to the exhibition of the 
collections of paintings belonging to the National Gallery of Art. 
It is to be noted in this connection that Mr. William T. Evans has 
presented 137 paintings illustrating the work of 100 American artists. 
This extremely valuable collection should in due time be housed in a 
suitable art gallery, with other valuable collections of this character 
belonging to the Government, The details of the development of the 
Museum system and accessions made to the collections wiU be found 
in the report of the assistant secretary in charge of the Museum. 

As I have stated in previous reports, I believe it desirable to estab- 
lish a number of research associateships similar to the Harriman 
trust fund, whereby especially capable men in the several branches of 
science may be afforded opportunities for research work without the 
care and burden of administrative duties, and with full assurance 
that as long as their work is properly conducted it will be continued, 
and that provision will be made for them when incapacitated for 
active service. The field for scientific investigation is extensive, and 
there are numbers of worthy projects that can not now be under- 
taken because of lack of means — ^projects that could not properly be 
cai'ried ' on through Government appropriation, but which the 
Smithsonian Institution could readily undertake were the means 
available. 

In this connection I would call attention to the organization of a 
Research Corporation in which the Institution is particularly in- 
terested. 

Research, Corporation, — ^Dr. Ercderick G. Cottrell, of the United 
States Bureau of Mines, having generously offered to present to the 
Smithsonian Institution a valuable set o| patents relating to the elec- 
trical precipitation of dust, smoke, and chemical fumes, it seemed to 
the Regents advisable, for various reasons incident to the business 
management of the patents, that there be organized a stock corpora- 
tion which could take title to the patents and in which the Institu- 
tion should be indirectly represented by the secretary as an indi- 
vidual, and not in his capacity as secretary. The recommendation 
of the Regents being acceptable to Dr. Cottrell, the Research (Icr- 
poration of New York was accordingly organized and incorporamcl 
by certificate executed February 16, 1912, filed in the office of the 
secretary of state of New York February 26, 1912, and in the office 
of the clerk of the county of New York February 27, 1912. 

The objects of the Research Corporation are explained in the fol- 
lowing circular : 



The Research Corporation has recently been organized under the laws of the 
State of New York as a self-supporting means of furthering scientific and tech- 
nical research. The corporation has two objects: First, to acquire inyentlons 
and patents and to make them more available in the arts and industries, while 
using them as a source of income; and, second, to apply all profits derived from 
such use to the advancement of technical and selentlflc investigation and ex- 
perimentation through the agency of the Smithsonian Institution and such 
other scientific and educational Institutions and societies as may be selected 
by the directors For these purposes the corporation has been capitalized at 
$20,000. divided into 200 shares, but the charter provides that no dividends shall 
be paid and that the entire net profits shall be devoted to research ; all the stock 
being held under a stockholders’ agreement, which recites that the corporation 
has been organized for the purpose of aiding and encouraging technical and 
scientific research, and not for personal or Individual profit. 

At the present time many discoveries are constantly being made, which un- 
doubtedly possess a greater or less potential value, hut which are literally being 
allowed to go to waste for lack of thorough development. This is due, in some 
eases, to the fact that tiie inventors are men in the service of the Government, 
or in the universities or technical schools, who are retarded either by official 
positions, lack of means, or reluctance to engage in commercial enterprises ; and 
in other cases to the fact that a discovery made incidentally in the laboratory 
of a manufacturing corporation does not lend itself to the paitlcuar purpose 
of such corporation. True conservation demands tFat such by-products as 
these shall be developed and utilized to the fullest extefit of which they are 
capable The Research Corporation aims to supply this dmand ; and, through 
the cooperation of the Smithsonian Institution and the universities, to carry 
forward the wmrk of investigation already begun by others upon lines which 
promise important results and to perfect such inventions as may prove to 
possess commercial value, thus bringing scientific institutions into closer rela- 
tions with mdustrial activities and furthering the improvements of industrial 
processes. 

The establishment of the Research Corporation has been rendered immediately 
possible by the acquisition, through the gift of Dr. F. G. Cottrell, of the United 
Stales Bureau of Mmes, and his associates, of a valuable set of patents relating 
to the precipitation of dust, smoke, and chemical fumes by the use of electrical 
currents. These derices have already been tested and are in operation in sev- 
eral Western Slates, and are fiiUy described in an article In “ Industrial and 
Engineering Chemistry”, for August, 1911. The ownership of these patents 
and the exclusive control of them, except in six Western, States, at once assures 
a certain amount of business to the corporation, and it already has contracts 
for preliminary installations in the Garfield Smelter of the American Smelter 
& Refining Co., the New York Edison Co., and the Baltimore Copper Refluei'y. 
Numerous inquiries have been received from other important plants. 

Besides the patents which have already been transferred to the corporation, a 
number of others in various fields of industry have been offered by ofiicers of 
the Government and scientific institutions, as well as by manufacturing cor- 
porations holding patents not available for their own purposes. A similar offer 
has also come from Germany, through Mr. Erwin Holier, who ha.s developed 
certain inventions in the same field as the Cottrell patents, and imdonbtedly 
there are many others who will he glad to have their inventions utilized for the 
benefit of scientific research. 



Tlie management of Uie corporation is in tbe bands of a board of directors 
composed of business and professional men, many of whom have had experience 
in large industrial and mining enterprises. Among them are Dr. Charles D. 
Walcott, Secretary of the Smithsonian Institution; Charles KirchbofC, recently 
president of the American Society of Mining Engineers ; Arthur D. Little, presi- 
dent of the American Chemical Society; Hennen Jennings, of Washington; Gen. 
T. Coleman du Pont, of Wilmington ; James J. Storrow, Charles A. Stone, and 
Prof. Bhlm Thomson, of Boston; Frederick A. Goetze, dean of the faculty of 
applied science of Columbia University; Elon Huntington Hooker, president of 
the Development and Eunding Co.; Thomas C Meadows, vice president of the 
International Agricultural Corporation, and Benjamin B. Lawrence and John 
E. Pine, of New York. Lloyd N. Scott is the secretary and Linn Bradley the 
engineer of the corporation. 

The Research Corporation invites correspondence with industrial concerns 
who are interested in perfecting their operations. 

AU communications should be addressed lo “ Research Corporation, No. 63 
Wall Street, New York City.” 

The Cottrell patents cover processes used in the precipitation of 
solid particles from gases and smoke produced in smelters and cement 
plants. Considerable injury has been suffered by orchards and crops 
in the neighborhood of the great cement plants in California. The 
Cottrell processes have met with success in removing the particles of 
cement from the smoko and gases of such plants and particles of lead 
and other metals from the smoke of smelters, as well as the abatement 
of smoke nuisances in general. It is expected by Prof. Cottrell that 
there will be great economic advantage in saving the solids in the 
gases and smoke. 

FINANCES. 

The permanent fund of the Institution and the sources from which 
it was derived are as follows : 

Depoftited m the Treasury of the TJiiitcd States. 


Bequest of Smithson, 1S4G $515, 169. 00 

Residuary legacy of Smithson, 1867 2G, 210. 6B 

Deposit from savings of income, 1867 108. 620- S7 

Bequest of James I-Iamllton, 1875 $1, 000. 00 


^ucumuiiiteiu iiiteieet uu xxaiiiJiJ tuu luuu, — a, w / 

2 , 000 . 00 , 

Bequest of Simeon Habel, 1880 600. 00 . 

Deposit from proceeds of sale of bonds. 1881 51, 500. 00 

Gift of Thomas G Hodgkins, 1891 200, 000. 00 

Part of residuary legacy of Thomas G. Hodgkins, 1804 8, 000. 00 

Deposit from savings of income, 1903 25, 000. OO 

Residuary legacy of Thomas G. Hodgkins — 7, 918. 60 


Total amount of fund In tbe United States Treasury — 944, 918. 69 

Registered and guaranteed bonds of the West Shore R. R. Co (par 
value), part of legacy of Thomas G. Hodgkins 42,000.00 


Total permanent fund-. 986, 918. 69 
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bequeathed to the Institution by the late E. S. Avery, some of which 
yield a nominal rental, and all are free from taxation. 

That part of the fund deposited in the Treasury of the United 
States bears interest at 6 per cent per annum,- under the provisions 
of the act organizing the Institution and an act of Congress approved 
March 12, 1894, The rate of interest on the West Shore Eailroad 
bonds is 4 per cent per annum. 

The income of the Institution during the year, amounting to 
$101,168.31, was derived as follows : Interest on the permanent foun-j 
dation, $58,375.12; contributions from various sources for specific 
purposes, $21,150 ; and from other miscellaneous sources, $27,643.19 ^ 
all of which was deposited in the Treasury of the United States to the 
credit of the current account of the Institution. ' 

With the balance of $32,425.66 on July 1, 1911, the total resources 
for the hscal year amounted to $139,693.97. The disbursements, 
which are given in detail in the annual report of the executive com- 
mittee, amounted to $106,533.88, leaving a balance of $33,060.09 on 
deposit June 30, 1912, in the United States Treasury. 

The Institution was charged by Congress with the disbursement of 
the following appropriations for the year ending June 30, 1912: 


In.tornation,a] Exchanges $32,000 

American Ethnology 42, 000 

Asti’ophysieal Observatory IS, 000 

National Museum : 

Furniture and fixtures 175,000 

Heating and lighting 60, 000 

Preservation of collections 300, OOO 

Books 2,.0bo 

Postage 600 

Building repair's 15,000 

National Zoological Park 100, 000 

International Catalogue of Scientific Literature 7,600 


Total 742,000 


EXPLORATIONS AND EBSEAEOHBS. 

Scientific explorations and researches have been carried on during 
the past year at the expense of the Institution as far as its limited 
income and the generosity of its friends would permit. The na- 
tional Museum has participated in some of these enterprises by fur- 
nisbing equipment or supplies or by detailing members of its stafi 
to conduct investigations or to make collections that are subsequently 
transferred to the Museum. Other researches made through the 
Astrophysical Observatory and the Bureau of American Ethnology 
are referred to elsewhere in this report. The resources of the In.sti- 
tution not being sufficient to enable it to plan extensive investiga- 



tions in the field or to maintain a corps of collectors, it is compelled 
to concentrate its efiorts on special work of limited scope, but of 
such a character that the results shall, as far as possible, hare an 
immediate bearing on the progress of science. In recent years, as 
in the ■whole of its past history, the Institution has had the aid of 
public-spirited citizens and the cooperation of other institutions 
and of the several branches of the United States Government. It 
has, in turn, cooperated with other organizations in the explora- 
tions which they have condxicted, being itself benefited thereby and 
benefiting those with which it has been associated. 

In recent years opportxmities have been afforded for iDarticipating 
in a number of exploring and hunting expeditions organized by 
private enterprise, whereby scientific collections of great importance 
have been obtained. These collections, with those from other sources, 
are preserved in the National Museum for exhibition to the public 
or for promoting scientific studies. 

The field of these activities of the Institution has been world-wide, 
but attention has been recently concentrated on Africa and the 
Panama Canal Zone rather more than on' other regions. 

STtlDIES IN CAMBRIAN GBOLOGY AND PAL'RONTOmGY. 

During the field season of the fiscal year 1911-12, or the spring and 
summer of 1912, 1 continued the collecting of Cambrian fossils from 
the famous fossil locality above Burgess Pass, north of Field, British* 
Columbia, on the main line of the Canadian Pacific Eailway, for the 
first two weeks of July and three weeks in September. 

On the way to the Canadian Northwest I stopped off for a few days 
to examine the locality on Steep Eock Lake, 140 miles west of Port 
Arthur, where the oldest pre-Cambrian fossiliferous rooks occur. I 
had made a small collection, when, by the swamping of the canoe in 
which we were working in the rapids of the Seine Eiver, a short dis- 
tance from the lake, Dr. J. W- Truman, my g-uide and fellow geolo- 
gist, of the Canadian Survey, was drowned, and the work thus most 
unfortunately brought to a close. 

Outfitting at Fitzhugh, on the Grand Tnmlr Pacific Eailway, I 
went with a well-equipped party over the Yellowhead Pass on the 
Continental Divide, leaving the line of the railway at Moose Eiver, 
17 miles west of the Pass. The Moose Eiver was followed up to its 
head at Moose Pass, where we passed over into the drainage of the 
Smoky Eiver, making several camps en route. The final camp was 
made at Eobson Pass, between Berg and Adolphus Lakes. A recon- 
naissance of the geological section from Moose Pass to the summit of 
Mount Eobson gave approximately 12,000 feet in thickness of the 
Cambrian formations and 3,000 feet of Lower Ordovician strata. 
Fossil beds were found at several localities in this section, and one 



Pamphlets have been issued from time to time descriptive of some] 
of the new or specially interesting forms of animals and plants cob 
lected by the survey, and as soon as the mass of material has been 
worked up it is proposed to publish general accounts of ail the vari- ' 
ous collections, and also one or more volumes containing a summary 
of the whole fauna and flora of the Canal Zone. ' 

As an indication of the biological value of the survey of the zone 
I may mention that of gxasses alone about 150 species were collected, ■' 
being four to five times as many as were previously known from that . 
region. In the collections of birds and mammals there are likewise 
many forms new to science. 

8IBEEIAN EXPEDITION. 

Through the liberality of a friend, Mr. Theodore Lyman, of Cam- 
bridge, Mass., the Institution has been enabled to participate in a 
zoological expedition to the Altai Mountain region of the Siberia- 
Mongolian border. Central Asia, an exceedingly interesting territory, 
from which the National Museum at present has no collections. A 
Museum naturalist was detailed to accompany him, the exiienses of 
the expedition being* borne by Mr. Lyman, and the natural-history 
collections obtained to be deposited in the National Museum. Al- 
though this expedition had not completed its work at the close of the 
fiscal year, yet I may here anticipate some of its results by stating 
that the Museum will probably be enriched by a large number of 
interesting specimens of birds and mammals. 

The scene of the survey and exploration, the Altai Mountain re- 
gion, is a particularly wild country and quite unsettled, although it 
is well stocked with game. These mountains are inhabited by the 
largest of the wild sheep, which, with the ibex, will form the prin- 
cipal big game animals sought by the party, hut a general collection 
of smaller mammals and of birds will also be made. 

BOHNEO EXPEDITION. 

For more than 10 years past Dr. W. L. Abbott, of Philadelphia, has 
been exploring the Malay Archipelago and has given all his natural- 
history and ethnological collections to the Smithsonian Institution 
for the United. States National Museum. These^coUections, so far as 
the vertebrates are concerned, are the most important ever received 
by the Museum from any one person. Through illness, Dr. Abbott 
has been obliged to abandon his exploration, but his interest in the 
Institution has not abated. He bas engaged the services of a col- 
lector and placed at the disposal of the Institution funds for 
continuing the explorations he had begun in Borneo. 

The field work will be carried on in eastern Dutch Borneo, the 
natural history of which is practically unlmown. Nothing relating 
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to it has been published, and there are no collections from this region 
in the United States, although the i^ational Museum has some from 
the west and south coasts of Borneo. The Institution is fortunate in 
having this opportunity to study a country practically unlmown to 
zoologists. It is hoped to secure a quantity of interesting material, 
including the characteristic mammals of the country, such as orangs, 
deer, wild pigs, squirrels and smaller rodents, and possibly specimens 
of the rhinoceros and tapir. 

BIOLOGICAL SURVEY IN THE CANADIAN ROCKIES. 

Through the courtesy of the Canadian Government and of Dr. 
A. O. Wheeler, president of the Alpine Club of Canada, the Smith- 
sonian Institution was enabled, in the summer of 1911, to send a 
small party of naturalists to accompany Dr. Wheeler on his topo- 
graphical survej'- of the British Columbia and Alberta boundary 
line and the Mount Kobson region. The party started in June and 
returned in October, 1911. The expedition was very successful in 
obtaining a collection covering practically all the birds and mammals 
inhabiting this previously unworked territory, together with many 
insects and botanical specimens. The land surveyed included the 
territory lying about this mountain in the heart of the Canadian 
Rockies, comprising the most rugged and broken country imaginable. 
Amid this wonderful scenery Mount Robson rises in titanic outline, 
the highest peak in Canada, probably between 14,500 and 15,000 feet 
high, and surrounding it for a distance of 50 miles in all directions 
lies the field of the survey. In this wild and unclaimed country the 
party of naturalists remained nearly four months, protected by 
special permits from the Canadian Government. The collection 
includes some 900 specimens of birds and mammals, the latter being 
of all kinds from tiny shrews to caribou and bears. One enormous 
grizzly bear was obtained by a fortunate shot. Much fine material 
for exhibition groups was secured, including a series of caribou, 
mountain goats, mountain sheep, beavers, and many varieties of 
smaller animals. 

ANTHROPOLOGICAL RESEARCHES IN SIBERIA AND MONGOLIA. 

Toward the close of the fiscal year arrangements were made, in 
comiection with the authorities of the Panama-California Exposi- 
tion of San Diego, to carry on, by or cmder the direction of Dr. 
HrdliGva, certain researches in anthropology, among others,' thosq 
bearing on the origin of the American Indians, In accordance with 
these plans Dr. Hrdlicka left for eastern Asia to search for and, if- 
foimcl, to trace, at least in a preliminary way, any possible remnants 



of the stock of people from which, probably in the distant past, the 
rudiments of the American race branched olf. This work touches 
what is rapidly becoming the most important subject of research in 
American anthropology. The first part of Dr. Hrdlicka’s visit was 
to be devoted to the Yenisei region, in which, judging from the re- 
ports of Russian observers, there exist remnants of very impeiTectly 
known tribes, whose physical type apparently bears a close resem- 
blance to that of the American Indian. From the Yenisei his in- 
tention is to pass through the Irkutsk Oblast and reach outer Mon- 
golia, and then possibly Turkestan or China. Due to the immensity 
of the territory and the limited time now at the disposal of Dr. 
tirdlicka, it is expected that the present journey will have to be 
larg'ely of the nature of anthrop)ological recoimoissance and prepara- 
tory for future investigations. 

ANTIQUITY OJ? MAN IN EUROPE. 

A grant was made to enable Dr. Tlrdliciia to make personal studies 
of the originals of all the well-authenticated skeletal remains of geo- 
logically ancient man of Europe. The recent discoveries in this line 
have been of such an imjiortance that a direct investigation into the 
subject by an experienced anthropologist was very desirable. The 
results of Dr. Hrdlicka’s studies will be prepared for publication. 

EESEARCIIES UNDER THE HODGKINS FUND. 

A limited grant has been made from the Hodgliins fund to enable 
Mr. Anders Knutson Angstrom to make certain observations on noc- 
turnal radiation from the earth at Bassour, Algeria, in connection 
. with observations to determine the variability of the sun, which have 
been in progi'ess there under Mr. Abbot, of the Smithsonian Astro- 
physical Observatory. The results of Mr. Angstrom’s researches are 
awaited with interest. 

As mentioned in my last report, the Institution has arranged for 
the distribution to various parts of the world of standard silver disk 
pyrheliometers designed by Mr. Abbot, of the Astrophysical Observa- 
tory, with a view of securing accurate data and more exact knowledge 
of solar radiation and the influence of the terrestrial atmosphere 
upon it. 

A portion pf the income of the fund is devoted to the increase and 
diffusion of knowledge in regard to the nature and properties of at- 
jpaospherie air in connection with the welfare of man. Them was pub- 
lished a few years ago a number of papers on “ Expired air,” “ Or- 
ganic matter in air,” “ The air of towns,” and other phases of this 
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general subject. There is now in preparation by Dr. Leonard Hill, 
associated with Dr. Martin Flack and other investigators of the 
London Hospital Medical College, a paper discussing the results of 
expeiiments to determine the influence of the atmosj)here upon our 
health and comfort in confined and crowded places. 

SMITHSONIAN TABLE AT NAPLES ZOOLOGICAL STATION. 

For the past 19 years the Smithsonian Institution has maintained 
a table for the use of American biologists at the Naples Zoological 
Station. This table affords exceptional opportunities for the study 
of marine life, and it is believed that through its use the cause of 
biological science has been much advanced. 

The appointment of Dr. Sergius Morgulis, a Parker Traveling 
Fellow from Harvard, which was approved for the months of May, 
June, and July, was continued until July 22, 1911. 

Dr. Ch. Zeleny, of the University of Illinois, who was appointed 
for one month, including part of June and July, continued his occu- 
pancy until July 26, 1911. At the close of the fiscal year no report 
had been received from Dr. Zeleny in regard to the work accom- 
plished. 

Dr. Fernandus Payne, assistant professor of zoology at the In- 
diana University, carried on researches at Naples during the months 
of April, May, and June, 1912. His studies included: (a) Selective 
fertilization, (&) Cleavage factors, and (c) Some pressure experi- 
ments. In a brief report on his work, Dr. Payne states that he has 
(1) completed a paper on “ The Chromosomes of Gryllo’ptal'pa 
borealis,^' (2) collected a large amount of material on GryllotcUfa 
wilga7%s, and expects to study the question of synapsis, ring forma- 
tion, chondriosomes, and the sex chromosomes in this form. 

When the same period is selected by more than one student the, 
earliest application is considered first, the approval of the later ones 
becoming necessarily dependent on the ability of the station to pro- 
vide for more than one Smithsonian appointee at the same time. 
It should be added that the obliging courtesy shown in this connec- 
tion to appointees of the Smithsonian Institution by the director of 
the station often permits appointments to the seat which would other- 
wise be impracticable. 

The prompt and efficient aid of the advisory committee in examin- 
ing and reporting on applications for the table is, as it has always 
been, of great service to the Institution and is very gratefully appre- 
ciated. 

The Institution has renewed the lease of the table for another' 
period of three years. ‘ 



PUBLICATIONS, 


One of the chief agencies of the Institution. in promoting “the 
diffusion of knowledge among men ” is the publication and distribu- 
tion throughout the world of the series of “ Smithsonian Contribu- 
tions to Knowledge,” the “ Smithsonian Miscellaneous Collections,” 
and the Smithsonian Annual Eeport. These three series 'constitute 
the publications of the Institution proper and, with the exception of 
the annual report, are printed entirely at the expense of Smithsonian 
funds. Other publications issued rmder the direction of the Insti- 
tution, but at the expense of the Govemment, include the Proceedings, 
Bulletin, and Annual Eeport, of the United States National Museum; 
the Bulletin and Annual Eeport of the Bureau of American Ethnol- 
ogy ; and the Annals of the Astrophysical Observatory. 

The “ Smithsonian Contributions to Knowledge ” is a quarto series 
begun in 1848, which now comprises 35 volumes of about 600 pages 
each, including, up to the present time, 148 memoirs. The chief 
characteristic of these memoirs is that they are discussions of exten- 
sive original investigations, constituting important additions to 
Imowledge. 

The “ Smithsonian Miscellaneous Collections ” is an octavo series 
containing papers of varying length, from two or three pages to an 
entire volume, being special reports on particular subjects of bio- 
logical or physical research, classified tabular compilations, tables of 
natural constants, bibliographies, and other miscellaneous informa- 
tion of value to the scieutific worker or student. This series was 
begmi in 1862 and now numbers 60 volumes of about 800 pages each, 
with an aggregate of several thousand articles. 

' Limited editions of each memoir in the “ Contributions ” and of 
articles in the “ Collections ” are distributed to specialists in the 
subjects treated, but the principal distribution of these series during 
the last 60 years has been to about 1,100 large libraries and institu- 
tions of learning in the United States and throughout the world. 

The Annual Eeport of the Board of Eegents, known as the Smith- 
sonian Eeport, is printed under congressional appropriation and in 
much larger editions than the other series. It is in great measure a 
popular work, containing, besides the official report on the business 
operations of the Institution-, a general appendix made up of 30 or 
more original or selected articles bearing on particular advances in 
human knowledge and discoveries and showing the progress of 
science in all its branches. It is a publication much sought after. 

Smithsonian Gontnlntiom to Knowledge . — ^The Langley Memoir 
on Mechanical Flight, which had been in preparation for several 
years, was completed and published in August,. 1911. It is a work 
of 330 pages of text and 101 plates of illustrations. It is the third 
memoir in volume 27 of the “ Contributions,” following Secretary 
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Langley’s “Experiments in Aerodynamics,” and “The Internal 
Work of the Wind,” published in 1891 and 1893, respectiyely. The 
present memoir was in preparation at the time of Mr. Langley’s 
death in 1906, and the part recording experiments from 188T to 1896 
was written by him. The chapters discussing experiments from 1897 
to 1903 were written by Mr. Charles M. Manly^ who became chief 
assistant to Mr. Langley in 1898. 

In the preface to the Memoir, Mr. Manly says: 

The present volume on Mechanical Flight consists, as the title-page Indicates, 
of two parts. The first, dealing with the long and notable series of early ex- 
periments with small models, was written almost entirely by Secretary Langley, 
with the assistance of Mr. B. C. Huffaker and Mr. G. L. Fowler, in 189T. Such 
chapters as were not complete have been finished by the writer and are easily 
noted, as they are written in the third person. It has been subjected only to 
such revision as it would have received had Mr. Langley lived to supervise this 
publication, and has therefore the highest value as an historical record. The 
composition of the second part, dealing with the later experiments with the 
original and also' new models and the construction of the larger aerodrome, has 
necessiirily devolved upon me. This is in entire accordance with the plan 
formed by Mr. Langley when I began to work with him in 180S, hut it is to 
me a matter of sincere regret that the manuscript in its final form has not had 
the advantage of hi,s criticism and suggestions. If the reader should feel that 
any of the descriptions or statements in this part of the volume leave something 
to be desired in fiilliiGS.-s oC deiail ii is hoped that some allowance may be made 
for the fact that, in has boon writ ten in the scanty and scattered moments that 
could be snaicliod trom -work m other lines which made heavy demands upon 
the writer’s time and strength. It is believed, however, that sufficient data 
are given to enable any competent engineer to understand thoroughly even the 
most complicated phases of the work. 

Persons who care only for the accomplished fact may be inclined to underrate 
the interest and value of this record But even they may be reminded that but 
for such patient and unremitting devotion as is here enregistered the now 
accomplished fact of mechanical flight would still remain the wild unrealized 
dream which it was for so many centuries. 

To such men as Mr. Langley an unsuccessful experiment is not a failure, but 
a means of instruction, a necessary and often an invaluable stepping stone to 
the desired end. The trials of the large aerodrome In the autumn of 1903, to 
which the curiosity of the public and the sensationalism of the newspapers gave 
a character of finality never desired by Mr. Langley, were to Mm merely mem- 
bers of a long series of experiments, as much so as any trial of one of the small 
aerodromes or even of one of the earliest rubber-driven models. Had his 
health and strength been spared, he would have gone on with Ms experiments 
tmdiseouraged by these accidents in launching and undeterred by criticism and 
misunderstanding. 

Moreover, it is to be borne in mind that Mr. Langley’s contribution to the 
solution of the problem is not to be measured solely by what he himself accom- 
plished, important as that Is. He began Ms investigations at a time when not 
only the general public but even the most progressive men of science thought of 
mechanical flight only as a subject for ridicule, and bolh by his epoch-making 
investigations in aerodynamics and by his ^devotion to the subject of flight 
itself he helped to transform iuio a field of scientific influiry what had before 
been almost entirely in the possession of visionaries, . 



The original plans fon this publication provided for a third part, covering the 
experimental data obtained in tests of curved surfaces and propellers. Owing 
to the pressure of other matters on the writer, the preparation of this third 
part is not yet complete and is reserved for later publication. 

Smithsonian Miscellaneous Gollections . — In this series there were 
published during the past year 35 papers forming parts of three 
volumes and covering a wide range of topics. I may mention the 
Hamilton lecture hy Dr. Simon Flexner on “Infection and Recovery 
from Infection,” three papers hy your secretary on Cambrian Geology 
and Paleontology, several papers descriptive of new genera and spe- 
cies of birds,' mammals, and other animals and plants from Smith- 
sonian expeditions in the Panama Canal Zone, Africa, and Canada, 
as enumerated in the editor’s report on another page, and an inter- 
esting paper on “ The Natives of the Kharga Oasis, Egypt,” by Dr. 
Hrdlicka, who discusses the physical measurements and other obser- 
vations made by him on these people dwelling in an oasis 130 miles 
west of Luxor, the ancient Thebes. Dr. Hrdlicka says : 

The type of the Kharga natives is radically distinct from that of the negro. 
It is, according to all indications, fundamentally the same as that of the pou- 
negroid Valley Egyptians. It is in all probability a composite of closely related 
northeastern African and southwestern Asiatic, or “ hamitic ” and “ Semitic ” 
ethnic elements, and is to be classed with these as part of the southern extension 
of the Mediterranean subdivision of the white race. 

Judging from the mummies of the Oasis Inhabitants from the second to fifth 
centuries A. D., exhumed at El Baguat, the type of the present uonnegroid 
Kharga natives is substantially the same as that of tlie population of the 
Oasis during the first part of the Christian era. The nature of the population 
of the Oasis in more ancient times can only be determined by skeletal material 
■ from the ancient cemetefies. 

Smithsonian re'port . — ^The annual report for I&IO, issued during 
the past year, contained in the general appendix 34 interesting 
papers of tbc usual high character, and of many of them it was neces- 
sary to publish extra editions to meet the public demand. The re- 
port for 1911 was all in type before the year closed, but unavoidablei 
delays prevented its publication. 

Zoological nomenclature . — ^In continuation of the series of Opin- 
ions Rendered by, the International Commission on Zoological 
Nomenclature, there were published two pamphlets containing Opin- 
ions 30 to 3T and 38 to 51. The Institution cooperates with this 
commission by providing clerical assistance for its secretary in 
Washington and in the publication of its Opinions. In connection 
with the summary of each opinion there is printed a statement of 
the case and the discussion thereon hy members of the commission. 
The rules to be followed in submitting cases for opinion^ as laid 
down by the commission are as follows : 

1 Oases should be forwarded to the secretary of the commission, Pr. Ch. Warded Stiles, 
TJ. S. Hygienic ■Laboratoi’y, Washington, I>. C. 
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1, The commission does not undertake to act as a bibliographic or nomen- 
clatural bureau, but rather as an adviser in connection with the more diflicult 
and disputed cases of nomenclature. 

2. All cases submitted should be accompanied by (ft) a concise statement 
of the point at issue, (&) the full arguments on both sides in ease a disputed 
point is- involved, and (c) complete and exact bibliographic references to every 
book or article bearing on the point at issue. 

The more complete the data when the case is submitted the more promptly 
can it be acted upon. 

S. Of necessity, cases submitted with incomplete bibliographic references 
can not be studied and must be returned by the commission to the sender. 

4. Cases upon which an opinion is desired may be sent to any member of 
the commission, but — 

5. In order that the work of the commission may be conflned as much as 
possible to the more difficult and the disputed cases, it is urged that zoologists 
study the code and settle for themselves as many cases as possible. 

MiiseuTTh fublications. — ^There were published duritig the year the 
annual report of the assistant secretary in charge of the National 
Huseuin for 1911, 50 miscellaneous papers of the Proceedings, 3 
Bulletins, and 5 parts of Contributions from the National Herbariiun. 

Ethnological puhlications. — The Bureau of American Ethnology 
published the Twenty-seventh Annual Eeport, containing a paper on 
“ The Omaha Tribe,” and Bulletin 47 on the Biloxi and Ofo 
languages. 

Reports of historical and patriotic societies. — ^In accordance with 
the national charters of the American Historical Association and 
the National Society of the Daughters of the American Eevolutiou, 
annual reports of those organizations were submitted to the Institu- 
tion and communicated to Congress. 

Committee on printing and publication. — The advisory committee 
on printing and publication under the Smithsonian Institution has 
continued to examine manuscripts proposed for publication by, the 
branches of the Institution and has considered various questions 
concerning public printing and binding. Twenty-one meetings of 
the committee were held during the year and 156 manuscripts were 
passed upon. The personnel of the committee is as. follows: Dr. 
Frederick W. True, Assistant Secretary of the Smithsonian Institu- 
tion, chairman; Mr. C. G. Abbot, Director of the Astrophysical 
Observatory; Mr. W. I. Adams, disbursing officer of the Smithsonian 
Institution; Dr. Frank Baker, superintendent of the National 
Zoological Park; Mr. A. Howard Clark, 'editor of the Smithsonian, 
Institution; Mr. F. W. Hodge, ethnologist in charge of the Bureau 
of American Ethnology; Dr. George P. Merrill, head curator- of 
geology-. United States National Museum; and Dr. Leonhard 
Stejneger, head curator of hiologj-, Uuited .States National Musetun. 

Allotments- for printing. — ^The allotments to the Institution and 

- branches, under the head of “Public printing and binding,” during 

- the past fiscal year, aggregating $72,900, were, as far as practicable, 



expended prior to June 30. The allotments for the year ending 
June 30, 1913, aggregating $74,900, are as follows: 

For the Smithsonian Institution, for printing and binding annual re- 
ports of the Board of Regents, with general appendixes $10, 000 


E'or the annual reports of the National Mnseum, with general appen- 
dixes, and for printing labels and blanks, and for the bulletins and 
proceedings of the National Museum, the editions of which shall not 
exceed 4,000 copies, and binding, in half turkey or material not more 
expensive, scientific books and pamphlets presented to or acquired 

by the National Museum library 34, 000 

For the annual reports and bnlletins of the Bureau of American Eth- 
nology, and for miscellaneous printing and binding for the bureau — 21, 000 
For miscellaneous printing and binding; 

International Exchanges 200 

International Catalogue of Scientific Literature 100 

National Zoological Park 200 

Ifor miscellaneous printing and binding for the Astrophysical Observa- 
tory, $400, and for 1,600 copies of volume 3 of the Annals of the 

Astrophysical Observatory, $2,000 2, 400 

For the annual report of the American Historical Association T, 000 


Total 74, 900 


DistHhution of fiibliGatiom. — Tliere was under discussion before 
conimittees of Congress at tbe close of the fiscal year, and later 
enacted into law, certain proposed measures which particularly affect 
the practice of the Institution and it branches in the distribution of 
publications. As finally passed by Congress the law requires that 
all Government publications must be mailed from the CHUcrnmeiit 
Printing Office, mailing lists or labels being forwarded to the Sup^'- 
intendent of Documents for that purpose. ■ - '’'.'•Kf- 

At the Eegents’ meeting in February last, the secretary called the '7 
attention of the board to the proposed legislation and stated that the ' 
publications of the Institution are not an incidental result of its 
work but something planned for and systematically executed. The 
Institution keeps in touch with all the piuncipal scientific and art 
establishments of the world, and with experts in science and art 
who are promoting work in a line with its own, or who are in pasi- 
tions to help in securing collections, information, or advice. The . 
actual labor of wrapping, labeling, and handling the Smithsonian 
report had been furni,shed by the Institution and not by the Govern- 
ment, and it was feared that the transfer of the actual work of 
distribution of the publications of the Institution and its branches 
to another establishment would distinctly tend to defeat the well- 
considered plans under which it has been conducted heretofore. 

The law as enacted requires the transfer to the Public Printer by 
October 1 of all publications on hand, and that distribution shall 
thei'eafter be made from his office. This measure does not, however, 
apply to the two series of publications published at the private 
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expense of the Institution, The question in the main seems to.be one 
affecting the promptness of distribution, which is of primary im- 
portance in the case of scientific works, and it is hoped no serious 
disadvantages may result by the adoption of the new law, 

LIBRARY. 

The library of the Smithsonian Institution is made up of several 
constituent parts. The most important of these are the Smithsonian 
deposit in the Library of Congress and the libraries of the National 
Museum and Bureau of American Ethnology, There was added to 
the Smithsonian deposit during the past year a total of 21,863 pub- 
lications, the equivalent of 14,560 volumes, consisting very largely 
of works on the various branches of science and art. 

To the Museum library there were added 1,T91 books, 3,608 pam- 
phlets, and 276 parts of volumes, making the present total in that 
library about 42,000 volumes, 70,000 unbound papers, besides manu- 
scripts, maps, charts, and other material. Arrangements are being 
made to divide the Museum library into two principal parts by as- 
sembling all books on zoology, paleontology, geology, ethnology, and 
archeology in the new building. 

LANGLEY MEMORIAL TABLET. 

A design in plaster for the memorial tablet commemorative of the 
aeronautical work of the late Secretary Langlejr was submitted at 
the December meeting of the Regents by the sculptor, Mr. John 
Flanagan, and accepted by the committee appointed by the board. 
The tablet will be cast in bronze, and erected in the vestibule of the 
Smithsonian building. The tablet, which is in relief, measures 4 
feet 6 inches high by 2 feet 5 inches wide. It represents Mr. Langley 
seated on a terrace where he has a clear view of the heavens, and in 
a meditative mood is ohsermng the flight of birds, while in his mind 
he sees Ms aerodrome soaring above them. 

The lettering upon the tablet is as follows: 

SAMUEL PIERPONT LANGLEY 
1834-1906 

Secretary of ttie Smithsoniaxi Institution 
1887-1906 

Discovered tBe relations of speed and angle of inclination to llie lifting power 
of surfaces moving in air 


" I have brought to a close the portion of the work which seemed to be spe- 
cially name, the demonstration of the practicability of mechanical flight 
“ The great universal highway ovephead is now soon to be opened.” — ^LAWsuEy, 
1901 , , . 



HAMILTON LBCTUilB. 


The third Hamilton fund lecture of the Smithsonian Institution 
was delivered by Dr. Simon Flesner, of the Rockefeller Institute 
for Medical Research, in the auditorium of the United States 
National Museum, February 8, 1912. 

The title of the lecture was “ Infection and Recovery from Infec- 
tion,” an investigation to which Dr. Flemer has given especial study 
for several years. 

In his treatment of this vital and interesting subject the speaker 
covered a broad field of medical science, and at the same time ex- 
pressed himself in such a manner as to be intelligible to laymen. 
Dr. Flexner touched upon the following points : 

The part played by bacteria, protozoa, and submicroscopic para- 
sites in causing infection was described, and emphasis laid upon the 
occurrence on the surface of the body of many kinds of disease- 
producing germs. The manner in which they are excluded by .skin 
and mucous membranes was discussed, as well as their ability to 
enter the body by these channels when they were imperfect. In this 
way a variety of diseases is produced, including diphtheria, menin- 
gitis, and probably infantile paralysis. The germs that enter the 
body encounter a second and even more efficient set of defenses 
in the blood with its devouring white corpuscles. When disease 
appears, in spite of and because of inadequacy in the defensive 
mechanisms, then the body, under the influence of the parasitic germs, 
sets about creating new defensive principles through the process of 
immunization. It is immunization that vaccination produces, which 
is a protection to smallpox; and it is through purposive immunization 
of animals that the curative serums are prepared, that by injection 
bringing about an artificial and premature cessation of such, diseases 
as diphtheria and epidemic meningitis. The part played by insects 
in transmitting malaria, yellow fever, typhus fever, and relapsing 
fever was sketched, and the varying susceptibilities to disease of 
different races, species, and individuals dwelt on and in part ex- 
plained, on the basis of Imown facts of immunity to and virulence 
of the germ causes of disease. 

The above is the third of the series of Hamilton lectures. In 1871 
James Hamilton, a retired lawyer of Carlisle, Pennsylvania, 
bequeadied $1,000 to the Smithsonian Institution, the interest of 
which was to be appropriated biennially by the secretary for some 
contribution, paper, or lecture on any .scientific or useful subject 
which he might select. As the sum was somewhat limited to ade- 
quatelj'-' carry nut the donor’s wishes, the interest was allowed to 
accumulate until the amount was doubled, and the Institution then 
created a series of lectures, known as the Hamilton Fund Lectures, 
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The first, by Dr. Andrew D. White, on “The diplomatic service of 
the United States, with some hints toward its reform,” was given 
in 1905, and the second, by Dr. George E. Hale, on “ Some recent 
contributions to our Itnowledge of the Sun,” was delivered in 1908. 

INTERNATIONAL CONGRESSES AND CELEBRATIONS. 

The Institution each year receives invitations to numerous scien- 
tific congresses and celebrations in the United States and abroad, but 
as funds are not available for the expenses of delegates few of these 
invitations can be accepted. In some instances, however, it is pos- 
sible to arrange for representation by collaborators of the Institution 
who are visiting the localities on official or private business. 

, Congress of Americanists. — Dr. Ales Hrdlicka was appointed 
representative of the Institution and designated as delegate of the 
United States to the Eighteenth International Congress of Ameri- 
canists held in London May 27 to June 1, 1912. In addition to Dr. 
Hrdlicka, the State Department also designated Miss Alice Fletcher, 
Dr. George Grant MacCurdy, Dr. Edgar L. Hewett, Dr. G. B. Gor- 
don, Kev. Charles W. Currier, Prof. Marshall H. Saville, and Dr. 
Charles Peabody as delegates on the part of the United States at 
that congress. 

The Nineteenth International Congress of Americanists has been 
invited to meet in Washington in IQli, and Mr. W. H. Holmes, Mr. 
F. W. Plodge, and Dr. Ales PIrdlicka have been appointed an auxili- 
ary committee to represent the Smithsonian Institution in connection 
with the preliminary arrangement of details respecting the proposed 
meeting. 

Academy of NaHral Sciences of PMladel^ohia . — The Academy of 
Natural Sciences of Philadelphia held its centenary aimiversary in 
Philadelpliia, March 19, 20, and 21, 1912. At this celebration the 
Institution and its branches were represented by the secretary, Dr. 
Charles D. Walcott; Dr. Richard Rathbun, assistant secretary in 
charge of the United States National Museum; Dr. Frederick W. 
True, assistant secretary in charge of Library and Exchanges'; Mr. 
Frederick W. Hodges, ethnologist in charge. Bureau of American 
Ethnology; and Dr. Leonhard Stejneger, head curator of biology, 
United States National Museum; and Dr. Theodore N, Gill, associate 
in Zoology, United States National Museum. The secretary also 
represented the American Philosophical Society on this occasion. 

Archeological G ongress.-—A.i the request of the Institution, the 
State Department designated Prof. Arthur L. Frothingham and- 
Prof. George M. Whicher as delegates on the part of the United 
■States to the Thii'd International Archeological Congress at Rome, 
October 9 to 16, 1912. 



PreKistorio Antlivofology . — ^Dr. A1& Hrdlicka, Dr. Chai’les Pea- 
body, and Dr. George Grant MacCurdy were appointed representa- 
tives of the Smithsonian Institution to the Fourteenth International 
Congress of Prehistoric Anthropology and Archeology at Geneva, 
September 9 to 15, 1912, 

Congress of Orientalists. — ^Dr. Paul Hanpt was appointed repre- 
sentative of the Smithsonian Institution and designated as delegate 
of the Dnited States at the Fifteenh International Congress of 
Orientalists, held at Athens, April 7 to 14, 1912. Additional dele- 
gates on the pari of the United States were Prof, E. Washburn Hop- 
kins, Prof, A. V. W. Jackson, and Prof. Morris Jastrow, jr. (Un- 
foreseen circumstances later prevented Prof. Jackson from attending, ) 

Congress on Hygiene and Demography . — The Fifteenth Inter- 
national Congress on Hygiene and Demography was invited by the 
Government, through the State Department, to meet in Washington, 
September 23 to 28, 1912. I accepted the invitation of the depart- 
ment to serve as a member of the committee on organization. Mr. 
W. H. Holmes, head curator of anthropology in the National 
Museum, has been appointed as representative of the Smithsonian 
Institution on the interdepartmental committee to consider the 
preparation of exhibits for the congress. At the close of the fiscal 
year, June 30, 1912, arrangements for the congress were well in hand. 

Congress on Applied Chemistry . — In connection with the Eighth 
International Congress of Applied Chemistry, to be opened in Wash- 
ington September 4, 1912, aixd subsequent meetings closing in New 
York City September 13, Prof. F, W. Clarke has been designated as 
. representative of the Institution, and I have accepted an invitation 
to attend personally. 

Boyal 8oci,ety. — ^Dr. Arnold Hague, of the United States Geo- 
logical Survey, was appointed a representative of the Smithsonian 
Institution at the commemoration of the two hundred and fiftieth 
anniversary of the foundation of the Koyal Society of London, July 
16 to 18, 1912. 

GEORGE WASHINGTON MEMORIAL BUILDING. 

There is now pending in the House of Representatives a bill 
passed by the Senate, April 15, 1912, granting to the George Wash- 
ington Memorial Association permission to erect on the Goveimment 
reservation Iniown as Armory Square, a memorial building to cost 
not less than 82,000.000, “ where lai'ge conventions or in which large 
-public functions can be bold, or where the permanent headquarters 
and records of national organizations can be administered.” By the 
provisions of the bill the control and administration of the building 
would be vested in the Board of Regents of the Smithsonian Insti- 
tution, and the association is to provide “ a permanent endowment 
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fund of not less than $500,000, to be administered by the Board of 
Regents of the Smithsonian Institution, the income from which shall, 
as far as necessary, be used for the maintenance of said building.” 

There is need in Washington of such a structure as here proposed. 
It would be a fitting memorial to George Washington — ^the gathering- 
place and headquarters for patriotic, scientific, medical, and other 
organizations interested in promoting the welfare of the American 
people, the development of the country in science, literature, and art, 

NxiTIONAL MUSEUM. 

The past year was marked by a new feature in the administration 
of the National Museum — ^its opening to the public on Sundays. 
This measure had long been advocated without effect, and even now 
the practice must be for a time limited to the new building. Public 
appreciation was evidenced on the first day of Simday opening, 
October 8, 1911, by the presence of 15,467 visitors. The average 
number of visitors on Sundays up to the close of the year was 1,666, 
as compared with 693 on week days. 

There was added to the permanent collections of the Museum a 
total of 238,000 specimens and objects, an increase of 10,000 over the 
year preceding. Of these accessions about 168,000 were biological, 
63,000 geological and paleontological, and 7,000 anthropological. 
A large number of valuable temporary additions in the form of loans 
were made to the National Gallery of Art, to the collection of art 
textiles, and to those of the division of history. Among the acces- 
sions that I may specially mention are the first aeroplane (Wright) 
acquired by the Government ; important memorials of Gens. Ganse- 
voort and Custer, Rear Admirals Foote and Schley, Commanders 
Maury and Hosley, and other eminent soldiers and sailors, and 
mementos of the Washington, Ball, Cropper, McLane, Bradford, 
and Bailey -Myers-Mason families; some interesting Polish coins 
dating from 1386 to 1835 ; and a very large and unique series of post- 
age stamps and other objects relating to the operation of the United 
States Postal Service. There were also received about 4,000 mam- 
mals, besides birds, reptiles, fishes, and invertebrates from the Paul J. 
Rainey expedition to British East Africa ; a large collection of Cam- 
brian fossils; and an unrivaled collection of some 75,000 specimens 
of fossil echnioderms deposited by Mr. Frank Springer. From the 
Bureau of Fisheries were received extensive and important collec- 
tions of fishes from Japan and the Philippines and over 27,000 speci- 
mens of marine invertebrates. Other additions of importance are 
noted by the assistant secretary in his report on another page,. 

About three-fourtlis of the exlubition space in the new building- 
has already been made accessible to the public, and before the close 



of another year it is expected that the last of the halls will be 
opened. The installations, however, are to a large extent provisional 
and much work will stiU remain to be done to complete, their per- 
manent arrangement. 

By the transfer of the natural history and anthropological exhibits 
to the new building, space has become available in the older buildings 
, for the better exhibition of the large collections of the department of 
arts and industries. The very interesting series of objects commemo- 
rative of eminent Americans and of important events in the history 
of the United States; the collections illustrative of art textiles, 
graphic arts, and ceramics, as well as firearms, electrical inventions, 
and other technological material may now receive more attention 
and be more adequately displayed than has heretofore been prac- 
ticable. 

The picture gallery in the new building, constituting the National 
Gallery of Art, continues to gi'ow in public interest and importance. 
,A special exhibition of part of the collection of American and 
oriental art presented to the Nation by Mr. Charles L. Freer was held 
from April 15 to June 15. The objects displayed included 88 paint- 
ings by ’Whistler, Tryon, and others, 13 Japanese paintings, 86 Chi- 
nese paintings, a number of Chinese bronzes, one dating back to 
1766-1122 B. C., and examples of Chinese, Persian, and Mesopota- 
mian pottery, ancient Egyptian glass, and Persian and Indo-Persian 
illuminations. Mj*. William T. Evans, of New York, has made 10 
important additions to his collection of works of contemporary 
American painters, now numbering 137 pieces by 98 artists. 

A meeting in memory of Mr. Francis D. Millet, lost in the Titanic 
disaster, was held in the auditorium of the new building on the even- 
ing of May 10, 1912, under the auspices of The American Federation 
of Arts, when addresses were made by Senators Boot and Lodge, and 
others. On this occasion I called attention to the valuable services 
rendered to the Smithsonian Institution by Mr. Millet as chairman 
of the advisory committee of the National Gallery of Art. 

Meetings of a number of scientific organizations were held as usual 
- in the auditorium, including the usual annual April meeting of the 
National Academy of Sciences, the annual meeting of the American 
Association for the Advancement of Science, the American Imstituto 
of Architects, and the Red Cross conference. 

On March 28 and 29 the Washington Academy of Sciences held a 
conversazione and an exhibition of important recent apparatus, 
methods, and results peikaining to the scientific investigations carried 
on by the different Government bureaus and scientific institutions of 
Washington. 

Models and pictures of designs for the memorials to Abraham Lin- 
coln and Commodore Perry were exhibited in several rooms of the 
, new building and attracted much public attention. 
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The publications issued included the annual report for 1911, 
numerous papers of the Proceedings, and several Bulletins, which 
will bo enumerated in detail in the usual volmne devoted to the oper- 
ations of the National Museum. 

BUREAU OF AMERICAN ETHNOLOGY. 

The operations of the Bureau of American Ethnology during the 
last year are stated in detail on another page by the ethnologist-in- 
charge of that branch of the Institution’s activities. The systematic 
researches bearing on the history, languages, manuers, and customs 
of the American Indians cover a wide range, and the residts of these 
studies are published as soon as com]3leted. Since the organization 
of the bureau under the Smithsonian Institution in 18T9, 27 annual 
reports in 32 royal octavo volumes have been issued, and more than 
50 bulletins, the collection comprising a most valuable ethnological 
library. The demand for the “ Handbook of American Indians,” 
which is printed in two volumes, has so far exceeded the authorized 
edition that a measure has been introduced and is now pending in 
Congress for reprinting it. 

The recent field work of the bureau includes : 

(1) A visit to El Morro, New Mexico, where impressions of some 
Spanish inscriptions dating from the year 1606 and having an impor- 
tant bearing on the early history of the Pueblo tribes, were made; (2) 
excavations in the Jemez Valley in a ruined pueblo on a mo.^a 1,800 
feet high, the ruins bearing evidence of occupancy at two different 
periods, and containing some interesting pottery, traces of textiles, 
and other objects; (3) field work to determine the ivestern' limit of 
the ancient Pueblo culture in Arizona ; and many other lines of inves- 
tigation, discussed by Mr. Hodge in an appendix to this report. 

The construction of the Panama Canal has aroused so greatly 
public interest in the aboriginal remains of the West Indies that the 
bureau has arranged for more extended studies in West Indian 
archeology. Researches thus far made indicate that the Tainan 
culture of Porto Rico and the Dominican Republic was represented in 
the Lesser Antilles by an agricultural people, probably Arawak, who 
were conquered and absorbed by the marauding Carib. Types of 
pottery found in some of the Lesser Antilles indicate their occupancy 
by people superior in culture to the Carib and to those found there 
at the time of the discovery by Columbus. 

INTERNATIONAL EXCHANGES. 

There has been an increase of more than 10 per cent in the number 
of packages handled by the Exchange Service during the past year 
-as compared with the preceding 12 months, the total number being 
316,492. These packages weighed over 284 tons. 



No change has been, made in the amount ($32,200) granted by 
Congress during the past four years for the support of this branch 
of Government work carried on under the direction of the Institu- 
tion, and the usual sum was collected from various Govermhent and 
State establishments for services in connection with the transporta- 
tion of exchanges, the total available resources for meeting the ex- 
penses of the system being $36,591.02. 

The publications dispatched by the Exchange Service are classified 
under four heads : First, the Congressional Eecord ; second, “ Parlia- 
mentary documents ” ; third, “ Departmental documents ” ; fourth, 
“ Miscellaneous scientific and literary publications.” 

The term “ Parliamentary documents ” as here used refers to 
publications set aside by law for exchange with foreign Governments, 
and includes not only copies of documents printed by order of either 
House of Congress, but copies of each publication issued by any 
department, bureau, commission, or ofiicer of the Government. The 
object in sending these publications abroad is to procure for the use 
of the Congress of the United States a complete series of the publica- 
tions of other Governments, and the returns are deposited in the 
Congi’essional Library. 

The term “ Departmental documents ” embraces all the publica- 
tions delivered at the Institution by the various Government depart- 
ments, bureaus, or commissions for distribution to their coiTespond- 
ehts abroad, from whom they desire to obtain similar publications 
in exchange. The publications received in return are deposited in 
the various departmental libraries. 

The “ Miscellaneous scientific and literary publications ” are 
received chiefly from learned societies, universities, colleges, scientific 
institutes, and museums in the United States and transmitted to simi- 
lar institutions in all parts of the world. 

At the request of the Secretary for the Interior of the Union of 
South Africa the Institution discontinued the sending of full sets of 
governmental documents to Cape Colony and the Transvaal and 
partial sets to Natal and the Orange Eiver Colony, substituting one 
full set for the Government of the Union of South Africa, There 
are therefore now sent through the Exchange Service to regular 
foreign depositories only 54 full and 82 partial sets of official 
documents. ’ 

■ No countries were added during the year to the list of those with 
which the immediate exchange of official parliamentary journals is 
carried on, the number of countries taking part in this exchange 
being 29. 
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NATIONAL ZOOLOGICAL PAEK. 

The accessions to the collections in the National Zoological Park 
during'the past year aggregated 510 animals, including 25 species 
not already represented; 350 of these were obtained by purchase, 
exchange, or as gifts, and 108 were born and hatched in the park. 
The total collection on June 30 numbered 1,551 individual animals, 
representing 381 species of mammals, birds, and reptiles, an increase 
of 137 over the preceding year. The more important additions were 
2 elephant seals and 4 northern fur seals, 8 white pelicans, and a pair 
each of Brazilian tapirs, Patagonian cavies, and Chilean eagles. 
The number of visitors was 542,738, or a daily average of 1,487. 
The largest number in any one month was 95,485, in April, 1912. 
That the educational value of the park is appreciated is indicated 
by the fact that it was visited by 4,140 pupils, representing 142 
schools and classes from the District of Columbia and neighboring 
States, and from Vermont, Massachusetts, New York, and Tennessee. 

Although each year some improvements are made as regards the 
accommodation of the collections and the comfort of snsitors, yet 
much remains to be done before the park can be brought to a condi- 
tion that would properly be expected in a zoological park maintained 
by this great nation. The most important improvement of tlie year 
was the construction of a fireproof building for a central heating 
plant, in which are installed two pairs of boilers for alternate use as 
repairs or cleaning become necessary. A yard and bathing pool w'as 
also constructed for the use of the hippopotamus and the tapirs; 
three small inclosures were built for semiaquatic animals ; and various 
other additional structures were built, as enumerated by the super- 
intendent in his report on another page. 

I have for several years called attention to the urgent need of a 
suitable aviary for the fine series of birds in the collection. A suit- 
able structure for this purpose is estimated to cost about $80,000. 
Around this large aviary would be grouped the cages for the eagles, 
vultures, condors, and owls, now scattered irregularly about the 
grounds. 

The superintendent in his report calls attention also to sevei*al other 
desirable measures for the betterment of the park. 

The Biological Survey of the Department of Agriculture, in coop- 
eration with the Zoological Park, is carrying on some experiments 
in breeding mink with a view to ascertaining the possibilities of rear- 
ing them in captiviiy for commercial purposes. The main object in 
view' is to secure data' relative to the best methods of rearing mink 
for their fur, especially as to details bf housing, feeding, mating, and 
caring for them. 
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ASTROPHYSICAL OBSERVATORY. 

The principal researcR carried on by the Astropbysical Observa- 
tory during the year bas been on the variability of tbe sun. Progress 
bas been made in tbe dissemination of standards of pyrbeliometry 
and on tbe absorption of radiation by atmospheric water vapor. 

Tbe first of these investigations was in continuation of observations 
taken during several years past to definitely determine the laws gov- 
erning the apparent variability of the “solar constant.” The solving 
of this problem, it is expected, -will be of much value in tbe probable 
forecast of climatic conditions finm year to year. In tliis research 
it seemed important that simultaneous observations be made in 
widely separated parts of the world. It was accordingly arranged to 
'make such obseiwations at Mount Wilson, California, and at Bassour, 
Algeria. The results of this work are discussed by Mi-, Abbot in bis 
report on another page. 

For several years the Institution has been sencbng to observatories, 
widely separated throughout the world, standardized copies of tbe 
standard silver-disk secondary pyrbebometer designed by tbe direc- 
tor of tbe Smithsonian Astropbysical Observatory. During the past 
year about 10 such instruments have been prepared and sent out, 
mostly to foreign governmental meteorologicM services. It is hoped 
to thus secure not only uniformity of radiation measures, but also a 
more exact knowledge of solar radiation and tbe inflnence of tbe 
terrestrial atmosphere upon it. 

in carrying ‘ foi-ward tbe research on tbe absorption of radiation 
by atmospheric water vapor, there bas been recently devised at the 
observatory a method for determining spectroscopicaUy tbe total 
quantity of water vapor between tbe observer and the sim. Atmos-- 
' pheric water vapor absorption work during the year was confined 
to the upper infra-red spectrum bands. It is expected by tbe use 
of a vacuum bolometer now in preparation to make considerable gain 
in tbe sensitiveness of the apparatus and greatly promote tbe value 
of tbe work at great wave lengths. 

INTERNATIONAL CATALOGUE OF SCIENTIFIC LITERA- 
TURE. 

Tbe cooperative enteiprise loiown as tbe International Catalogue 
of Scientific Literature is represented in the United States through 
tbe Smitbsonian Institution, an appropriation being made each year 
by Congress to maintain a regional bureau in this country under 
tbe auspices of tbe Secretary of tbe Institution. 

This bureau, in cooperation with thirty-one other regional bureaus, 
through a central bureau in London, pubbsbes yearly 17 volumes, 
which form an index to current scientific literature. Each country 
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supports its own bureau, in tbe maiority of cases by means of direct 
governmental grants. Tbe London central bureau, which bears all 
of tbe expense of editing and publisbing tbe data prepared by the 
regional bureaus, depends for its support entirely on funds received 
from tbe subscribers to tbe work. In the beginning of the enter- 
prise tbe subscription price was fixed at $85 per year for a fuU set 
of 17 volumes, and it bas been necessary to maintain this price, as 
there are a limited number of libraries and scientific bodies whose 
subscription to tbe work practically assures tbe sum necessary for 
publication. The lack of any surplus, however, renders it impos- 
sible to reduce the price of tbe work in order to meet the demands df 
a large number of scientific investigators, who are practically excluded 
as personal subscribers to this valuable source of information, owing 
to the present prices. 

Had tbe central bureau a permanent and independent income, 
derived from an endowment or otherwise, it would be possible to 
adopt tbe course which would under similar circumstances be fol- 
lowed by a commercial publisbing house having a hberal working 
capital; that is, to reduce tbe price of the publication and depend on 
the certainty of increased sales to pay tbe relatively small expenses 
of printing a larger edition of the work. An endowment of $100,000 
properly invested would, it is believed, make it possible to carry out 
this plan, and, for tbe end to be accomplished, it would bo difficult to 
find a better use for this comparatively small sum- A more detailed 
statement of tbe condition of this interesting example pf what may 
be accomplished through international cooperation will be found in 
the report of tbe bureau in the appendix. 

Respectfully submitted. 


Charles D. Walcott, Secretary. 
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REPORT ON THE UNITED STATES NATIONAL MUSEUM. 

Sir : I have the honor to submit the following report on the opera- 
tions of the United States National Museum for the fiscal year 
ending June 30, 1912: 

SUMMARY OF THE YEAR’S RROGRESS. 

By the close of the year the 'natural history departments of the 
Museum had been quite fully established in the new building, only a 
small amount of exhibition material remaining to be transferred. 
The laboratories had been occupied for some time, and the reserve 
collections brought over from the older buildings had been mainly 
arranged in the more ample and convenient quarters provided for 
them. The work of classification had necessarily to be in large part 
suspended during the period of moving, but the opportunity was 
availed of to expedite the labeling and recording, and these collec- 
tions are now, as a whole, in much better condition and far more 
accessible for reference and study than at any previous time in the 
history of thfe Museum, The task of moving was both arduous and 
delicate^ involving, as it did, the handling of several million speci- 
mens of all sizes and all degrees of hardiness without injury and 
without the loss or disarrangement of labels. That it was accom- 
plished satisfactorily in such a remarkably short space of time is 
especially gratifying, in view of the fact that the exigencies of the 
current work were fully met and no cessation occuiTed in the receipt 
of new material. 

The installation of the exhibition collections, however, could not 
be hastened in the same way. A much greater time is required for 
the construction of the cases, which are more elaborate in character 
than those intended for storage, and but few of the cases used in the 
older buildings are adapted to the new building, though many have 
been temporarily employed. It has also been necessary to reject a 
large number of the older exhibition Specimens as of inferior quality 
for the purpose, and of those which are being utilized many require 
to be thoroughly renovated if riot entirely done over. The new ex- 
hibitions, however, are intended to consist in great measure of fresh 
materials, much of which has been recently acquired, and to represent 
30 
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the best skill of the museum, preparator and taxidermist. During 
the year this branch of the work was pressed to the fullest extent pos- 
sible, and excellent progress was made. 

Of the total floor area of about 465,000 square feet furnished by the 
new building, the amount of space dedicated to the public, including 
the floors and galleries of the south pavilion and rotmida, is slightly 
in excess of 220,000 square feet. The permanent exliibitions now 
planned are limited to the first and second stories of the wings and 
ranges, which they will completely occupy and Avhich contain about 
186,000 square feet. Of this space about three-fourths has been 
opened to the public, although it should be explained that the installa- 
tions are still to a large extent provisional and subject to revision, a' 
work that is steadily going on. The end of another year, however, 
should see all of the exhibition halls opened and in good though not 
finished condition. 

The exhibitions to which the public had gained access by the close 
of the year comprised, besides the picture gallery in the middle hall, 
ethnology, historic archeology, systematic and applied geology, 
mineralogy, paleontology, the birds and fishes, small sections of the 
maimnals and invertebrates, a synoptic series of biology, and certain 
special zoological collections illustrating anatomy and development, 
albinism, melanism, hybridism, the domestic animals, and the local 
fauna. The principal branches that remained to be opened up were 
the mammals, reptiles, marine invertebrates, and prehistoric 
archeology. 

The removal of the natural history collections from the older 
buildings furnishes the opiiortunity for the more complete organiza- 
tion of the department of the arts and industries as contemplated 
in the original plan of the Board of Kegents. Certain subjects 
belonging to it have for a long time been illustrated to the extent 
permitted by the crowded condition of the exhibition halls, among 
them being land and water transportation, firearms, electrical inven- 
tions, measuring devices, many kinds of machinery, the graphic arts, 
and ceramics. There are several others, however, equally imiDortant 
and interesting, of which the Museum has many and valuable illus- 
trations. The material, obtained from various sources, but mainly 
from the great hiternational expositions, has, from lack of room, 
been necessarily kept in storage, though before the crowding of the 
older buildings began some parts of it were exhibited. The space 
that has been released will afford accommodations for the installa- 
tion of this material, so far as it has not deteriorated, and for such 
additions as will be, needed to round out the exhibits of the several 
subjects in at least a modest way. With this accomplished, ' the 
Musemn will be confronted with the problem of the further develop- 
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ment of the department to make it comparable with those in the prin- 
cipal European countries, and thus capable of exerting a direct and 
beneficial influence on the higher industrial pursuits of the country. 

It was not until after the middle of the year, however, that the 
extension of the work in this direction could be taken up, and little 
more was possible than to remove the material from storage, and 
begin its unpacking and assorting. The installations will be made, 
at least for the most part, in the old cases, which will have to be more 
or less remodeled for the purpose, but it is not expected that the 
public will be long delayed in gaining access to some parts of these 
collections. The material relating to the graphic arts and to book- 
malring will be exhibited in the Smithsonian building, but the other 
subjects will be mainly provided for in the older Museum building, 
and comprise, besides tliose above mentioned, mineral technology, 
textiles, woods, various animal and vegetable products, foods and 
drugs, etc. The division of history will continue to occupy its pres- 
ent position in the older Museum building, as will the collection of 
art textiles, but additional space will be required for the former, 
whose growth and popularity have been exceptionally gratifying. 

Several unoccupied rooms in the new building were used by the 
Government for the competitive plans for the Lincoln and Perry 
memorials, authorized by Congress and submitted during the year. 
Opened to. the inspection of the public, the models and pictures of 
the designs for the Lincoln monument in Washington were still on 
exhibition at the close of the year. 

The Sunday Opening of the Museum, so long and earnestly advo- 
cated by the authorities of the Institution, was one of the most note- 
worthy accomplishments of the year. This innovation is, in fact, to 
be regarded as marking the beginning of a new period in the history 
of the Museum, in which its privileges may be enjoyed with equal 
freedom by all classes. Started on October 8, 1911, and restricted to 
afternoon hours, it is for the present limited to the new building. 

ADDITIONS TO THE COLLECTIONS. 

The permanent additions to the collections numbered approxi- 
mately 238,000 specimens and objects, of whiclr about 168,000 were 
biological, 03,000 geological and paleontological, and 7,000 anthropo- 
logical. There were also many loans, some of great value. 

The more important accessions in anthropology related to the 
Indians of southern Alaska and Panama, and included an interesting 
series of objects from the ruined pueblo of Kwasteyukwa, New 
Mexico. To the exhibits in mechanical teclmology were added many 
important articles, including the first aeroplane acquired and used 
by the Government, a large number of firearms, both military and 
sporting, and numerous examples of inventions. The division of 
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American history was especially favored with both gifts and loans, 
among the distinguished persons and families represented by the 
memorials received being Gen. Peter Gansevoort, of Eevolutionary 
time, and his son and gTandson; Rear Admirals Winfield Scott 
Schley and Andrew H. Foote, United States RaA^y; Commanders 
Matthew Fontaine Maury and Harry H. ITosley, United States 
Navy; Gen. George A. Custer, United States Army; the Marquis de 
Lafayette; Prof. George Frederic Barker; ]!dr. and Iklns. Samuel 
S. Cox; Julia Ward Ptowe; the Washington and Bali families; the 
Cropper and McLane families; the Bradford family, of Hew Eng- 
land ; and the Bailey-Myers-Mason family. The collection of numis- 
matics acquired two valuable series of several hundred pieces each, 
one representing the Polish coinage from 1386 to 1835, the other 
consisting of antique copper coins from Asia. Exceptionally im- 
portant was the transfer to the Hational Museum of the museum 
of the Post Office Department, so well known to visitors to Washing- 
ton, comprising the large and unique series of United States postage 
stamps, besides many objects relating to the operations of the postal 
service. 

The most conspicuous acquisition by the department of biology 
consisted of the collection made by Mr. Paul J. Rainey on his expe- 
dition to British East Africa, accompanied by Mr. Edmund Heller, 
whicli was generously presented. It contains about 4,000 maimnals, 
besides many hundreds of birds, reptiles, fishes, and inA'crtebrales, 
and has already yielded a large number of new forms. Much mate- 
rial was also received from several other natural history expeditions 
beyoiid the United States conducted by the Institution and Museum 
or under other auspices, the principal regions visited having been the 
Aleutian Islands, British Columbia and Alberta, the Panama Canal 
Zone, the Bahama Islands, Peru, Abyssinia and British East Africa, 
the Altai Mountains on the borders of Siberia and Mongolia, Kash- 
mir, and Borneo. Within the confines of the United States a number 
of minor explorations were carried on by members of the staff. 

The transfers made by the Bureau of Fisheries were extensive and 
important, consisting mainly of collections that had been studied and 
described and containing much type material. The fishes were from 
Japan, the Philippine Islands, and various parts of the United 
States, while the marine invertebrates, numbering over 27,000 speci- 
mens of several groups, represented explorations by the steamer 
Albatross in different parts of the Pacific Ocean. The increases in 
the diAusion of insects were chiefly from the Bureau of Entomology, 
and in the herbarimn from the Bureau of Plant Industry, thoiigh 
many specimens were secured for the latter by exchange and as tho 
result of field work in Hew Mexico. 
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The collections of geology and mineralogy received important 
additions, including types and recently described materials and many 
fine examples of building and ornamental stones. The permanent 
acquisitions in paleontology, amounting to over 60,000 specimens, 
wei’e mainly of Cambrian fossils from British' Columbia and Alberta, 
and from China ; Ordovician fossils from the western United States, 
New York, and Canada; Ordovician and Mississippian fossils from 
the Mississippi Valley; and Tertiary fossils from the Isthmus of 
Panama. It is gratifying to note the deposit in the Museum by Mr. 
Frank Springer of his unrivaled collection of fossil echinoderms, 
numbering some 75,000 specimens, which he has been many years in 
assembling and on which no expense has been spared. The material 
has been installed and made accessible in one of the larger labora- 
tory rooms, and it is the purpose of Mr. Springer to devote much of 
his time to further research work in connection with it. 

NATIONAL GALLERY OP ART. 

A memorable event in the brief history of the Gallery was the 
exhibition in one of the great halls of the new building of a selection 
of objects from the collection of American and oriental art presented 
to the Nation in 1906 by Mr. Charles L. Freer, of Detroit, Michigan, 
but which is to remain in the possession of the donor during his life. 
This special exhibition, which continued during two months, from 
April 15 to June 15, and opened with an evening reception, was 
made possible' through the courtesy and generosity of Mr. Freer, by 
whom the expenses of transportation were defrayed. 

The selection, which numbered 175 pieces out of the more than 
4j000 composing the Freer collection, was representative of its charac- 
teristic features, and in variety, richness, and rarity of material con- 
stituted in itself a remarkable exhibit for any place or time. The 
American art side of the collection was illustrated by 38 paintings, 
of which 24 were by James McNeill Whistler and the others by 
Thomas W, Dewing, Dwight W. Tryon, Abbott H. Thayer, and 
Winslow Homer. Of oriental productions there were 13 Japanese 
paintings of the sixteenth to the nineteenth centuries; 36 Chinese 
paintings, the earliest belonging to the Liang dynasty, and also 4 
albuins of Chinese paintings; 17 Chinese bronzes, one dating back 
to the Shang dynasty, many centuries before the Christian era; 4 
Chinese sculptures of the Wei and T’ang dynasties; 52 examples of 
old Chinese, Corean, Japanese, Persian, and Mesopotamian pottery; 
7 specimens of ancient Egyptian glass; and 4 Persian and Indo- 
Persian illuminations. 

Mr. William T. Evans, of New York, whose generous benefactions 
have extended through more than five years, made 10 important addi- 
tions to his collection of the works of contemporary American 
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painters, which, at the end of the year, mimbered 137 pieces by 98 
artists. One of the older paintings was also exchanged for another 
and better example of the work of the same artist. This collection, 
which occupies the greater part of the space now allotted to the 
Gallery, is a most notable presentation of American art. The 
painters represented in the contributions of the year are William 
B. P. Closson, Wyatt Eaton, Albert L. Groll, Arthur T. Hill, William 
M. Hunt, William S. Eobinson, Abbott H. Thayer, Elihu Vedder, 
Edgar M. Ward, Frederick J. Waugh, and Irving E. Wiles. Mr. 
Evans also added 34 proofs of American wood engravings to his 
previous donation of 81 examples. 

The collection of historical paintuigs in oil was increased by two 
noteworthy gifts to the Nation. One of these consisted of portraits 
of Mathias Eingmann, Martin Waldseemuller, and Vautrin Lud. the 
geographers who, in 1507, fii-st applied the name “ America ” to the 
new continent, and was received from the municipality of St. 
Die-des- Vosges, France. The other comprised a portrait of John 
Ericsson and a painting illustrating the “ Combat between the 
Monitor and the Merrimac^'' and was made by the Swedish American 
Eepnblican League of Illinois. The Gallery was also fortunate in 
obtaining many loans, both of paintings and sculpture, and within 
the restricted limits of its quarters has maintained an exhibition of 
exceptional merit and attractiveness. 

ART TEXTILES. 

Interest in the collection of art textiles, under the patronage and 
direction of Mrs. J. W. Pinchot, continued unabated, and of 68 addi- 
tions received 15 were gifts. The laces have now become sulEciently 
well represented to permit the arrangement of a synoptical series in 
which all of the varieties are shown, and of a special exhibit consti- 
tuting a resum4 of the history of lace making. 

PERIOD COSTUMES. 

During the year a collection of costumes intended to illustrate the 
changes in style of personal attire in America from the colonial 
period to the present time, was undertaken. The material so far 
gathered has consisted mainly of apparel actually worn at important 
state and social functions, which gives it an historical interest, and 
the collection should also very mateiially supplement that of art 
textiles, offering useful suggestion in the field of design. The sub- 
ject was taken up on the initiative of Mrs. Julian James, who is giv-' 
ing it her personal attention, and the contributions, ranging from_ 
single objects to complete parts of costumes, comprised both loans^ 
and gifts. 
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MISOBI.LANEOUS. 

Of duplicates separated from the collections in the course of the 
work of classification about 8,000 specimens, chiefly minerals, ores, 
fossils, and recent animals, were distributed to schools and colleges for 
teaching purposes. About 16,000 duplicates were_^also used in making 
exchanges, whereby material of similar value was obtained for 
addition to the permanent collections. To specialists connected with 
other scientific establishments some 11,600 specimens, mainly bio- 
logical, were sent for study, principally in the interest of the Museum 
and for the purpose of securing the identification of material which 
could not be determined here. 

The number of persons who visited the new building during the 
year was 281,887, the older Museum building, 172,182, and the Smith- 
sonian building, 143,131, being equivalent to an average daily attend- 
ance at each of the three buildings of 800, 550, and 457, respectively. 
The total Sunday attendance at the new building, beginning October 
8, amounted to 64,987, an average by Sunda^^’s of 1,666 persons, or 
more than double the daily average for the same building. 

The publications issued during the year comprised the annual 
yeport for 1911, volumes 39, 40, and 41 of the Proceedings, and 3 
Bulletins, besides 59 papers from the Proceedings, Bulletins, and Con- 
tributions from the National Herbarium, printed separately. The 
total number of copies of publications distributed was about 67,000. 

The library received additions to the extent of 1,791 books, 3,608 
pamphlets, and 276 parts of volumes, and at the end of the year was 
estimated to contain a total of 42,002 books and 69,670 unbound 
papers. With the completion of the arrangements in progress all of 
the works on natural history will be transferred to the new building, 
leaving the older quarters for those relating to the arts and industries 
and history, and by this division the congested condition of the 
library which has so long prevailed will be relieved. 

The facilities offered by the new building were often availed of 
during the year for congresses and meetings relating to science and 
art. Among the more important bodies which met or were received 
there were the American Association for the Advancement of Science 
and affiliated societies, the National Academy of Sciences, the Ameri- 
can Federation- of Arts, the American Institute of Architects, and 
the Bed Cross Conference. 

Respectfully submitted. 

RiCHAim Rathbun, 

Asdstant Seordary in Charge U. S. National Museum. 

Dr. Chaeles D. Walcott, 

Secretary of the BrrdtJisonian Institution. 

OcroBEB 31, 1912. 



Appendix 2. 

REPOBT ON THE BUREAU OF AMERICAN ETHNOLOGY. 

Sir : I have the honor to submit the following report of the oper- 
ations of the Bureau of American Ethnology during the fiscal year 
ended June 30, 1912, conducted in accordance with the act of Con- 
gress approved March 4, 1911, making appropriations for sundry 
civil expenses of the Government, which act contains the following 
item: 

American etimology; For continuing ethnological researches among the 
American Indians and the natives of Hawaii, including the excavation and pres- 
ervation of archseologic remains, under the direction of the Smithsonian Insti- 
tution, including salaries or compensation of all necessary employees and the 
purchase of necessary books and periodicals, including payment in advance for 
subscriptions, foi’ty-two thousand dollars. 

SYSTEMATIC RESBAECHES. 

The systematic -researches of the bureau were conducted by the 
regular staff, consisting of eight ethnologists, and with the aid of 
specialists not directly connected with the bureau, but the restilts of 
whose studies were procured for publication. These operations may 
be summarized as follows : 

Mr. F. "VY. Hodge, ethnologist-in-charge, was occupied with admin- 
istrative affairs during the greater part of the year, but from time to 
time, as opportunity afforded, he was engaged in the preparation of 
an annotated Bibliography of the Pueblo Indians, with the result 
that almost 1,100 cards bearing titles, descriptions of contents, etc., 
of writings pertaining to the Pueblos were completed. Knowledge 
of the Pueblo Indians commenced with the year 1539, and these 
people have been the subject of so much attention by early Spanish 
explorers and missionaries, as well as by ethnologists and others, in 
recent years, that the literature has become voluminous and widely 
scattered. The need of a guide to this array of material has been 
greatly felt by students, and for this reason Mr. Hodge has prepared 
notes on the subject for a number of years with the view of their final 
elaboration in the form of a bibliography. 

Late in August hir. Hodge proceeded to New Mexico, and after a 
brief visit to the archeological sites in the Rito de Los Frijoles, 
northw^est of Santa Fe, where excavations were , conducted in con- 
junction with the School of American Archeology in 1911, continued 
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to El Morro, or Inscription Rock, about 35 miles east of Ziiili, fo]‘ the 
purpose of making- facsimile reproductions, or squeezes, of the Span- 
ish inscriptions there, which have such an important bearing on the 
early history of the Pueblo tribes. El Morro is a picturesque emi- 
nence of sandstone rising from the sandy valley, and by reason of 
the former existence of a spring at its. base, which is now merely a 
seep, it became an important camping place of the early Spaniards 
on their journeys to and from the Rio Grande and the Zuhi and Hopi 
pueblos. The inscriptions of these early explorers were carved near 
the base of the rock, chiefly on the northern and southern sides of 
the highest portion of the mesa, and in the main consist of the names 
of the visitors with the dates of their visits, but in a number of cases 
elaborated with a more or less full statement of the object of the 
journey. 

The earliest of the inscriptions is that of Juan de Onate, the colo- 
nizer of New Mexico and founder of the city of Santa Fe, who in- 
scribed his name and the object of his yisit in 1606, on his return 
from a perilous journey to the Gulf of Galifoiiiia. Others who 
visited the rock and left a record are, in order of date: Gov. Fran- 
cisco Manuel de Silva Nieto, who escorted the first missionaries to 
Zuni in 1629; Juan Gonzales, probably a member of the small mili- 
tary escort accompanying the same party, and bearing the same date 
(1629) ; Lujan, who visited Zuni in 1632 to avenge the murder of 
Fray Francisco Letraclo, one of the missionaries who accompanied 
Silva Nieto; Juan de Archuleta, Diego Martin Barba, and Agiistin 
de Ynojos, 1636; Gov. Diego de Vargas, 1692, the conquerer of the 
Pueblos after their rebellion in 1680 which led to their independ- 
ence of Spanish authority during the succeeding 12 years; Juan 
de Uribarri, 1701; Ramon Paez Hurtado, 1709; Ju. Garcia de la 
Rivas, Feliz Martinez, and Fray Antonio Camargo, 1716; Joseph de 
Payba Basconzelos, 1726; Juan Paez Hurtado and Joseph Truxillo, 

, 1736; Martin de Elizacochea (bishop of Durango) and Juan Ignacio 
de Arrasain, 1737 ; and others of the eighteenth century. These in- 
scriptions were all carefully photographed by Mr. Jesse L. Nusbaum, 
with whose aid Mr. Hodge made paper squeezes which were brought 
to Washington and transferred to the National Museum, where Mr. 
Nusbaum later made plaster casts of the paper negatives, insuring 
the permanent preservation of the inscriptions in this manner. This 
work was accomplished none too soon, since deterioration by weather- 
ing is progressing in some parts of the cliff face bearing the inscrip- 
tions, while vandalism is perhaps playing an even more serious part 
in the destruction of these important historical records, notwithstand-^ 
ing the fact that El Morro has been created a national monument by 
Executive order. 
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Early in September Mr. Hodge joined Dr. Edgar L. Hewett, direc- 
tor of the School of American Archfoologj^, and his assistants, in the 
J emez Valley, about 65 miles northwest of Albuquerque, for the pur- 
pose of conducting excavations, under the joint auspices of the bureau 
and the school, in an extensive ruined pueblo on a mesa 1,800 feet in 
height, skirting the valley on the west. This village was occupied 
within the historical period by the Jemez people, by whom it is 
known as Kwasteyukwa. The ruins cover an area approximately 
850 by 600 feet, and even on partial exca%^ation exhibited distinct evi- 
dence of occupancy at two different periods. The original pueblo was 
considerably larger than the one later inhabited, although the latter 
was built on the ruins of the older and of the same materials. The 
walls were of tufa blocks, rudely shaped and set in adobe mortar; 
the rooms were small, the masonry crude, and practically none of the 
walls remain standing above ground. A large artificial reservoir in 
a northwestern angle of the ruin furnished the water supply, and 
various smaller depressions probably mark the sites of kivas. The 
later inhabitants — ^those within the historical period, or about the 
first half of the seventeenth century — ^buried their dead in and be- 
neath the debris of the older part of the pueblo. The mortuary ac- 
companiments were of the usual character, speaking in general 
terms — pottery, traces of textiles, stone and bone implements and 
other objects, and a few ornaments. The finding of glass beads with 
the remains of a child, and an iron nail in another grave, bear testi- 
mony of the comparatively recent occupancy of the village by the 
Jemez Indians. It was the custom of the inhabitants to throw large 
stones into the graves, resulting in the breaking of almost all the 
pottery deposited with the dead. The fragments were carefully pre- 
served, however, and will be repaired by the National Museum. A 
noteworthy specimen of pottery bears in its decoration a feather 
design almost identical with feather symbols found on ancient pot- 
tery of the Hopi, and therefore tending to verify traditions of 
the latter people that some of their ancestral clans came from the 
Jemez. 

Dr. J. Walter Fewkes, ethnologist, was engaged in field work 
from July to October, having especially in view the determination 
of the western limits of the ancient Pueblo culture in Arizona. Out- 
fitting at Jerome, in that State, he proceeded to certain large ruins 
on the upper Verde, on Oak Creek, and in Sycamore Canyon, where 
some time was spent at each locality in photographing and in making 
plans of these and adjacent remains, as well as in a study of the 
formerly occupied caves near the mouth of Oak Creek. Crossing the 
rough country separating the upper course of Oak Creek and the 
great sandstone cliffs known as the Red Rocks, Dr. Eewkes revisited 
and further studied the large cliff dwellings, known as Honanki and 
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Palatki, excavated by him in 1895. Several hitherto undescribed 
ruins were added to the list of ancient remains in this general vicinity. 

From the Bed Rocks Dr. Fewkes returned to the Verde and fol- 
lowed that stream upward to the Jordan ranch, where cliff houses of 
an instructive character were photographed and studied. He also 
investigated on the hills back of Cornville certain large stone struc- 
tui’es of the type knoAvn to Spanish-speaking people as trineheras^ 
rude but massive fortifications that here begin to assume importance. 
A number of ruins hitherto unrecorded belonging to the cave- or cliff- 
dwelling type were observed in the walls of Sycamore Canyon, or 
Dragoon Fork, and the outlines of stone houses were seen above the 
river terrace near the junction of Sycamore Creek and Verde River. 
A large aboriginal fort, with walls well preserved, was found on a 
height overlooking the Verde, above the mouth of Granite Creek, and 
others more nearly destroyed were seen at the Baker ranch and in 
Hell Canyon, not far from Del Rio Station. Near the Baker ranch, 
a mile or two down the Verde, are the remains of a cliff dwelling, 
directly in the hne of a projected railroad, which will probably be 
destroyed when the road is constructed. Dr. Fewkes also visited the 
ruins of several fragile-walled habitations, consisting of low mounds, 
near Jerome Junction and Del Rio. Although many evidences of 
such ancient dwellings are here seen, most of the foundation walls havte 
been carried away by settlers and used in their own house building. 

A large fort, with well-preserved walls, occupies a low limestone 
ridge east of Williamson Valley, above the trail from Del Rio west- 
ward, and commanding a view of the valley west of Jerome. This 
fort is typical of the trincheras that appear more and more frequently 
as one proceeds westward from the upper Verde. Several incon- 
spicuous ruins, hitherto undescribed, were found in Williamson Val- 
ley, those situated on the hills belonging to the fortification type, 
while those in the valleys consist merely of low mounds of stone and 
other debris. 

■ Proceeding westward from Chino Valley, many interesting ruins 
were observed along the valley of Walnut Creek, referred to in Lieut. 
A. W. Whipple’s report of 1853 as Pueblo Valley, once noted as the 
site of old Camp Hualapai. This vale, from Aztec Pass to the point 
where the creek is lost in the sands of Williamson Valley, was ex- 
tensively tilled in prehistoric times, as is attested by the well-marked 
remains of ancient irrigation ditches. Characteristic petroglyphs 
were also found in Walnut Valley. 

_ ■ As elsewhere in this region, tAvo types of ruins were observed iu; 
Walnut Valley, namely, (1) extensive stone fortifications with mas- 
sive walls crowning the hilltops on both sides of the valley and com- 
manding a wide view, and (2), on the low terraces bordering the 
stream, clusters of small mounds constituting the remains of farm- 
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houses, upright posts supporting walls of wattling plastered with 
mud like the Vacates of the Mexicans and evidently identical in 
their general character with the dwellings of certain Yuman tribes. 
Among the best preserved of the forts, called “ pueblos ” by Whipple, 
are those near Aztec Pass and at Drew’s ranch, Shook’s ranch, and 
Peter Marx’s ranch, while others are found farther down Walnut 
Creek. No trace of terraced pueblo dwellings were seen in this 
region. 

In order to shed further light on the relations of the two types of 
ruins described, Dr. Fewkes made an examination of the ancient re- 
mains along the Agua Fria and near Prescott. At both places the 
ruins were found to be of the same dual character. In a few in- 
stances, as at Frog Tanks, near the mouth of the Agua Fria, the 
ruins suggest the great houses or compounds of the Salt and Gila 
Valleys, but here also tnnchems and fragile-walled houses are the 
more common. 

The observations made by Dr. Fewkes during this field season in- 
dicate that the ruins in the region referred to are the remains of 
buildings so different in architecture from that of true pueblos that 
it is probable the culture of their occupants was also different. Dr. 
Fewkes reached the conclusion that the ruins of the forts and small 
dwellings referred to were constructed and used by a Yuman people 
whose descendants, more or less mixed with Apache and other non- 
related tribes, are I'epresented to-day by the ITualapai, Yavapai, and 
Havasupai Indians. Although the jacal domiciles of western Ari- 
zona were probably structurally similar to certain ancient houses 
in the Pueblo region of New Mexico, the river-terrace houses of 
Walnut Valley were more like certain habitations of the lower Gila 
Eiver than they were the pueblos of the Rio Grande. 

On returning to Washington Dr. Fewkes prepared a report on 
his observations in this interesting archeological field, which, with 
.suitable illustrations, is now in press as one of the accompanying 
papers of the twenty-eighth annual report. 

Dr. Fewkes also gave considerable time to reading the proofs and - 
arranging the illustrations of his memoir on Casa Grande, which 
likewise is to appear in the twenty-eighth annual report. 

On the completion of the above work Dr. Fewkes commenced the 
preparation of another paper, relating to “Designs on Prehistoric 
Hopi Pottery,” a subject to. which he devoted much attention in con- 
nection with his studies of the Hopi Indians for 20 years. This 
memoir, which was well advanced toward completion at the close of 
the fiscal year, accompanied by numerous plates and text figures, is 
designed as a key to the interpretation of the decoration of ancient 
Hopi earthenware. The great multiplicity of life designs appearing 
on the pottery of ancient Sikyatki are treated in the paper, in which 
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modifications in decorative devices derived from feathers, birds, and 
other animals, and conventional figures are likewise discussed. One 
object of Dr. Fewkes’s treatise is to meet a growing desire of those 
interested in primitive symbolism, and another is to define the pecul- 
iarities of one ceramic area of the Pueblos as a basis for comparison 
with others, thus facilitating the study of Pueblo culture origins and 
prehistoric migration routes. 

As the construction of the Panania Canal has tended to stimulate 
an interest in aboriginal remains in the West Indies, and as many 
archeological specimens differing from those of the Antilles previ- 
ously known are now being brought to light, the time for a scientific 
study of them, as well as of the aboriginal sites of the West Indies, 
has arrived. Much of the interest recently manifested in early In- 
dian life in the West Indies may be ascribed to Dr. Fewkes’s memoir 
on “ The Aborigines of Porto Eico and Neighboring Islands,” which 
appears in the twenty-fifth annual report. Since the publication of 
this paper the new material has become so abundant that plans have 
been made for Dr. Fewkes to resume his study of West Indian arche- 
ology. The most noteworthy collection of aboriginal objects from 
this area made in recent years is that of George G. Efeye, Esq., of 
New York, who courteously has placed his material at the disposal 
of the bureau as an aid to these investigations. This collection has 
been .studied by Dr. Fewkes and the most important objects con- 
laincd Ihei'oin are now being drawn for illustrative purposes. 

Dr. Fewke.«\ researches thus far indicate that the so-called Tainan 
culture of Porto Rico and San Domingo was represented in the 
Lesser Antilles by an agricultural people, probably Arawak, who 
were conquered and absorbed by the marauding Carib. Study of the 
collections above noted tend to show that several of the Lesser 
Antilles were marked by characteristic types of pottery, indicating 
their occupancy by a people superior in culture to the Carib and to 
those found there at the time of the discovery by Columbus. New 
light has been shed on the relations of these early AntiUean people 
and the Orinoco tribes, which, although generally called Carib, were 
probably an antecedent people of higher culture. 

Mr. James Mooney, ethnologist, spent the first three months of the 
fiscal year in continuing investigations among the East Cherokee of 
western North Carolina, and in locating and investigating mised- 
blood remnant bands in tlie eastern part of that State. The Cherokee 
work consisted chiefly of a continuation and extension of the study of 
the aboriginal sacred formulas of the priests and doctors of the tribe,' 
with the accompanying ceremonies and prescriptions. Although the 
former dances and tribal gatherings have fallen into disuse, the 
family rites and medical ceremonies still hold sway among the full 
bloods. 
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The so-called “Croatan Indians” of southeastern North Carolina 
were found to be an important and prosperous community, number- 
ing about 8,000, evidently of Indian stock with admixture of negro 
and white blood, and closely resembling the Pamunkey Indian rem- 
nant tribe in Virginia, but with no survival of Indian language or 
custom and with ahnost no knowledge of their own history. After 
years of effort they iiave secured definite State recognition as an 
Indian people. There is no foundation in fact for the name “Croa- 
tan Indians,” which they themselves now repudiate, and in all prob- 
ability they represent the mixed-blood descendants of the aboriginal 
tribes of the region which they now occupy. The existence was also 
established, and the location ascertained, of several smaller bands of 
similar mixed-blood stock, but without official recognition, in the 
eastern section of the two Carolinas. 

The remainder of the year was devoted by Mr. Mooney to the com- 
pilation of material in connection with his pending study of Indian 
population. By reason of the shifting, disintegration, and new com- 
binations of tribes, no one section can be treated separately or fijially 
as apart from others. Considering the difficulties met in a study 
of this kind, the work is making satisfactory progress. 

Dr. John E. Swanton, ethnologist, devoted most of the year to field 
researches among the Creek Indians in Oklahoma. These investi- 
gations continued from the middle of September, 1911, to the middle 
of May, 1912, during which period excursions were made into Texas 
to visit the Alibamu Indians and for the purpose of endeavoring to 
trace remnants of other Texas tribes, and to the Caddo Indians of 
southwestern Oklahoma. No remains of Texas tribes, of ctlmologic 
value, other than the Alibamu, were located, but a considerable mass 
of material was obtained from the latter. Dr. Swanton’s visit to the 
Caddo was with the view of learning how many of the old Caddo 
dialects were still spoken, and some valuable documentarj'’ material 
was obtained in Natchitoches, Louisiana. No words of Haiisb, sup- 
posed to be quite distinct from the other Caddo dialects, could be 
gathered, but evidence was obtained that it resembled Adai. In the 
course of his Creek investigations Dr. Swanton visited and made 
photographs of every busk groimd of the Creeks and Seminole still 
maintained, and information was gathered regarding the organiza- 
tion of the “ big house ” in each, as well as in those that have been 
abandoned. Dr. Swanton devoted July and August, 1911, mainly to 
the study of the Hitchiti and Natchez languages, and the period sub- 
sequent to his return to Wasliington in May, 1912, was occupied in 
copying his field notes and in incidental work on the Timiicua 
language of ancient Florida, as preserved in Father Pareja’s writings, 
with the view of determining whether Tiniucua bears any relation 
to the languages of the Muskliogean stock. 
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On his way from Oklahoma to Washington, Dr. Swanton stopped 
at Bloomington, Indiana, for the purpose of representing the bureau 
at the fifth annual meeting of the Mississippi Valley Historical 
Association, before which he read a paper on “ De Soto’s line of 
march, from the point of view of an ethnologist.” 

Mrs. M. C. Stevenson, ethnologist, continued her field re, searches 
of the Tewa tribes of New Mexico throughout the fiscal year, devoting 
attention particularly to those of San Ildefonso and Santa Clara, and 
incidentally to the Tewa of Nambe and San Juan. The pueblo of 
Pojoaque is now practically extinct as an Indian settlement, only 
about six Tewa remaining in that village. Special attention was 
devoted to the religious, political, and social organizations of these 
peoples, which, owing to their extreme conservatism, are difficult to 
determine. The Tewa are divided not only into clans with patrilineal 
descent, but each tribe consists of a Sun people and an Ice people, 
each with its own kiva, or ceremonial chamber. At San Ildefonso the 
kiva for the Sun people is known as Po‘tee, “ Squash kiva,” and that 
of the Ice people is Kun'iyVtee, “ Turquoise kiva.” The element tee 
signifies ‘‘ round,” hence indicating that originally the Tewa Ipvas 
were circular. A third kiva of San Ildefonso is called Teepoa"'te, 
meaning “ Bound gathering or sitting place,” and symbolizes a lake. 
Although from its trim condition this kiva appears to be modern, it 
is in reality very old, and within the memory of the older men of 
San Ildefonso it Avas used whenever the Sun and Ice people met to- 
gether, because of its large size. Large councils are still held in the 
Teepoa^Te, and it is used also as a dressing room for the dancers par- 
ticipating in ceremonies. The kivas are also the meeting places of 
the sacred fraternities. The Squash, Summer Beai’, and Fire organi- 
zations of San Ildefonso hold their ceremonies in the kiva of the 
Sun people. The Fire fraternity was adopted in the ancient past 
from a people in the north who lived in sldn tipis, wore clothing of 
dressed deerskin, and spoke a strange tongue. This fraternity finally 
became extinct, and, wishing to reestablish it, the San Ildefonso 
people sent four men to the Sun people of Znni (whose Fire fra- 
ternity, according to tradition, had a similar origin), who initiated 
them into their order, thus enabling them to revive the fraternity at 
San Ildefonso. The Galaxy and Turquoise fraternities meet in the 
Turquoise kiva. The members of the former organization have a 
fraternity chamber adjoining this kiva, and at the great Buffalo 
festival its members frequent the chamber as well as the kiva. 

Each fraternity at San Ildefonso has a tablet altar, which is 
erected on the western side of the kiva, while the participants in the 
ceremonies sit facing eastward. These people have interesting animal 
fetishes and many human images of stone representing their anthropic 
gods. They appeal to their zooic deities to heal diseases inflicted by 
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sorcery, and all ceremonies connected with these supplications are 
dramatic in character. Anthropic gods, principally ancestral, are 
invoked for rain and the fructification of the earth. I’he present 
priest of the Sun people is director of the Summer Bear fraternity, 
and he is also the keeper of the calendar. He must observe the daily 
rising and setting of the sun and must watch the rising and setting 
of the moon. Elaborate solstice ceremonies are performed. Those 
for the summer solstice are held in the kiva of the Sun people. The 
Ice people join the Sun people in the summer ceremonies, and the 
Sun people join the Ice people in the ceremonies of winter. In each 
kiva the two rain priests sit side by side, the priest of the Ice people 
always at the right of the priest of the Sun people, while officers 
associated with each priest sit in line with him. The prayers of the 
priest of the Sun people are for the purpose of bringing rain, and in 
order that they may be answered he must live an exemplary life. 
The same beliefs control the functions of the priest of the Ice people, 
who, through the ceremonies which he directs, is expected to induce 
cold rains and snow that the earth may not become hot and destroy 
the vegetation. AJl male children are initiated, either voluntarily or 
involuntarily, into the kiva of the Sun or of the Ice people. Tifiien 
a husband and his wife belong to different sides, the kiva to which 
the child shall belong is selected by mutual agreement, and a repre- 
sentative of that kiva is chosen as his ceremonial father immediately 
after the birth of the child. From birth to death the lives of the 
Tewa are almost a continuous ceremony. The ceremonial father ties 
native cotton yarn around the wrists and ankles of the new-born 
child, that its life may be made complete. The initiation ceremonies 
of the young men are very elaborate, and many miles are traveled on 
foot to the summit of a Ingh mountain where the final ceremonies are 
performed. Although the Tewa are professed Christians, they ad- 
here tenaciously to their native religion and rituals; and while the 
church performs marriage and burial services, the Indians still cling 
to their native marriage feasts and mortuary ceremonies. 

The cosmogony of the Tewa is elaborate and complicated and bears 
closer resemblance to that of the Taos Indians than to that of the 
Zuni. ' The original sun and moon are believed always to have ex- 
isted, but the present sun and moon were born of woman after the 
world and all the people were destroyed by a great flood. The myth 
associated with the creation of these deities and with their exploits 
is of great interest. 

The masics of the anthropic gods are never seen outside of the 
Idvas of San Hdefonso. There is a great variety of these masks, 
many of them similar to those of the Zuni, They are held in great 
secrecy. 
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Eattlesnakes, sacred to tlie fraternities, are captured -when young 
and are reared in rooms adjoining the kivas. A fluffy eagle feather 
is attached to the head of the snake when caught, and the snake is 
held captive with a string sufficiently long to allow it considerable 
freedom until it becomes accustomed to its new surroundings, when 
the string is removed. Small openings in the chamber allow the 
snakes to pass in and out. In one ceremony, which takes place at 
daylight, the snakes are handled outdoors, but on such occasions the 
pueblo is so patrolled that spying by outsiders is impossible, although 
Mexicans live almost in the heart of the village. The Santa Clara 
people likewise make use of live snakes in certain ceremonies, and 
they also have a large owl which they keep secreted as carefully as 
are the snakes. 

The government of the Tewa differs somewhat from that of the 
Zuhi. While the governor of the Zuni has to do with civic matters 
only, a Tewa governor has absolute power over all matters concern- 
ing his tribe except those controlled exclusively by the rain priests 
and the war priests. Mrs. Stevenson’s studies of the natal rites of 
the Tewa indicate that they are more like those of the Sia than of the 
Zuhi, while the religious ceremonies connected therewith more closely 
resemble those observed by the Taos people. The child is baptized 
in accordance with aboriginal customs before the baptismal rite of the 
church is performed. At the present time the infant is usually 
carried in the arms instead of on the back of the mother, but the 
small, flat cradle, with top, and headrest with turquoise setting, is 
made as it was centuries ago. 

The material culture of the Tewa is in many respects similar to 
. that of the Zuni. They were adept in the textile art in early days 
when cotton, milltweed, yucca, and the hair of native animals were 
employed in weaving, hut tliis industry became lost after the intro- 
duction of sheep) by the Spaniards, for the Tewa, like the Taos peo- 
ple, came to depend upon the Zuhi and Hopi traders for woven gar- 
ments, and also for textile paraphernalia for use in ceremonies. One 
or two Tewa have revived the weaving industry to some extent — a 
San Ildefonso man learned the process from Santo Domingo, and a 
man of Santa Clara acquired it from the Navaho. The dainty baby 
moccasins are now seldom seen, but the women still wear moccasins 
with hcavj- leg wrappings during ceremonies, while at other tunes a 
wftll-ch-esscd sheepslrin boot tied below the knee is worn, for deer- 
skin has become rare. Native beads are now very seldom seen. Mrs. 
Stevenson’s study of Tewa ceramics has convinced her that those who 
decorate their pottery apply their designs, especially the conventional 
patterns, with little understanding of their symbolism, the signifi- 
cance of which has become extinct. When questioned the potters 
always have a ready answer ; hence students are often deceived. With 
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the exception of the black ware of Santa Clara, the pottery of the 
Tewa has greatly deteriorated. 

Mrs. Stevenson has been enabled to record the names of the sacred 
mountains of the Tewa people, as well as the myths associated with 
them. In their general beliefs and customs the Tewa are found to 
be intermediate between the Taos and the Zuni, 

The beginning of the fiscal year found Dr. Truman Michelson, 
ethnologist, engaged in an investigation among the Fox Indians near 
Tama, Iowa, with whom he remained until the middle of xVugust, 
when he proceeded to Oklahoma, where he initiated researches among 
the Sauk Indians of that State. Dr. Michelson was very successful 
in recording the myths and tales of the Foxes, which covered about 
2,300 pages of texts. He obtained likewise some notes on the cere- 
monial and social organization of that tribe, but these are neither 
full nor complete, as the Foxes are, without exception, the most con- 
servative of the Algonquian tribes within the United States. ’While 
among the Sauk Dr. Michelson, with the aid of a native interpreter, 
translated some of the Fox myths and tales collected in Iowa, but 
his chief work in Oklahoma consisted of gaining an insight into the 
Sauk ceremonial and social organization. He also translated, with 
the assistance of a Sauk, the Kickapoo texts collected by the late Dr. 
William Jones, subsequently correcting the version with a Kickapoo 
informant. The dialectic differences between Sauk, Fox, and Kicka- 
poo are not great, and as few of the Mexican Kickapoo now speak 
any but broken English, a Sauk was employed in making the first 
draft of the translation. 

Among the Shawnee of Oklahoma Dr. Michelson’s work was pri- 
marily linguistic. The results confirmed his opinion, gathered from 
the late Dr. Gatschet’s notes and texts, that the Shawnee language is 
most intimately connected with Sauk, Fox, and Kickapoo, on the one 
hand, and with the Abnaki dialects on the other. He also gathered 
some Shawnee myths, partly in texts, partly on the phonograph, and 
a begiiming was made on the Shawnee social organization. It was 
found that, apparently, the larger divisions are not phratries, nor 
are their clans exogamous, as already noted by Dr. Gatschet, despite 
the ordinary view. The question of exogamy or endogamy among 
the Shawnee is fixed merely by blood relationship. 

Among the Mexican Kickapoo Dr. Michelson gathered some addi- 
tional texts, corrected the translations of Dr. Jones’s Kickapoo texts, 
as above noted, made observations on Kickapoo clan organization, 
and gathered also linguistic data which shed further light on the 
relations of the Sauk, Fox, and Kickapoo dialects. 

Dr. Michelson returned to Washington about the middle of Decem- 
ber and commenced the elaboration of his field notes. In J anuary he 
visited the Carlisle Industrial School, where he procured linguistic 



data on Ottawa, Turtle Mountain Chippewa, Potawatomi, Abnaki, 
Menominee, Sauk, and Arapaho. The most important result obtained 
is the fact that the so-called Turtle Mountain Chippewa is really 
Cree— at least such is the language of the pupils at Carlisle. Whether 
the entire band is Cree is another question. Dr. Michelson’s opinion 
that Arapaho is the most divergent Algonquian dialect was con- 
firmed, and it was made more nearly certain that Menominee dis- 
tinctly belongs with Cree, not with Chippewa. Dr. Michelson re- 
turned from Carlisle in the following month, when he was compelled 
to submit to an operation for trachoma, which apparently had been 
contracted during his field researches of the previous summer. On 
resuming his duties it Avas found advisable to incorporate the lin- 
guistic notes obtained in the summer and fall of 1911 and the winter 
of 1911-12, so far as practicable, in his memoir on the Linguistic 
Classification of the Algonquian Tribes, then in galley proof prepar- 
atory to publication in the twenty-eighth annual report. The value 
and completeness of this paper were thereby greatly enhanced. 

MTiile in the office Dr. Michelson was frequently called on to fur- 
nish data for answering letters of inquiry, and he also found oppor- 
tunity to furnish notes of addenda and corrigenda for a future edi- 
tion of the Handbook of American Indians. 

Mr. J. N, B. Hewitt, ethnologist, was engaged throughout the year 
in office work, continuing the editing and copying of the legends, tra- 
ditions, and myths of the Seneca, collected by the late Jeremiah Cur- 
tin in 1884-85. Of the original list of 120' items composing this manu- 
script collection, 85 have been edited and typewritten, exclusive of 
two items which were translated from inedited tests. While this 
work is now practically complete, the apparent discrepancy in the 
number of edited and typewritten items (about 35) is due to the fact 
that the original list contained a number of texts of little ethnologi- 
cal value, being merely narratives of local and personal adventures of 
modem Indians with ghosts, and the like, and tales about modern 
witchcraft. The two items completely translated were difficult of ren- 
dering, as they were partly illegible and had been left inedited. Two 
or three texts of similar character remained to be translated, and on 
these Mr. Hewitt was engaged at the close of the fiscal year. The 
Seneca material collected by Mr. Curtin and placed in condition for 
publication by Mr. Hewitt now comprises 1,360 pages. 

In addition Mr. Hewitt undertook the work of translating a num- 
ber of inedited and imcorrected manuscripts bearing on Seneca tradi- 
tions and legendary lore recorded by himself in 1890. Thirteen of 
these items were translated, aggregating 410 pages. 

As in the past, Mr. Hewitt devoted considerable time to collecting 
and preparing data for replies to correspondents on linguistic, his- 
torical, sociological, and technical subjects, and served also as custo- 
dian of manuscripts. ’ 
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Mr. Francis La Flesche, ethnologist, was engaged during the year 
in the further study of the tribal rites of the Osage Indians in Okla- 
homa. These rites are regarded by the Osage as mysterious, and, 
being held in great awe by the tribe, are very ditScult to obtain, even 
by their own members. Instances are pointed out where, in the belief 
of the Osage, persons in officiating at ceremonies made mistakes in 
the form or in the recitation of the rituals and in the singing of the 
songs, and have therefore become insane, or blind, or have met with 
violent death. The murder of Saucy Calf, a man of high standing 
in his tribe, and the burning of his house last winter are attributed 
by his people to the fact that he gave away certain rituals and songs 
of the sacred tribal ceremonies. From Saucy Calf Mr. La Flesche 
had obtained the entire first degree of the No''ho’’zhi’’ga rites, and 
while the two were together the old seer frequently expressed the fear 
that some harm might come to him for parting with these religious 
secrets. By reason of the superstitious awe in which these sacred 
rites are held, Mr. La Flesche’s studies in this particular have been 
necessarily slow, since it was essential for him first to gain the full 
confidence of those versed therein. Notwithstanding tins diffi- 
culty, he has been fortunate enough to procure the full ritual of the 
Hibernating of the Black Bear, which pertains to the origin of the 
seven and six war honors of the tribe, and is recited by the men mem- 
bers of the No%o”zhi”ga of the Black Bear clan at the sacred-bundle 
ceremony when the warrior chosen recounts his war honors and takes 
up the seven and six willow saplings to count and the songs of this 
part of the ceremony are being sung by the officiating priest. A re- 
lated ritual, which tells of the rearing of a child to the completion of its 
life, is recited when a widow is being initiated into the No“ho''zhi°ga 
to take the place of her husband ; but Mr. La Flesche has not yet been 
able to record this, owing to the dread inspired by the death of Saucy 
Calf. However, after considerable difficulty he succeeded in obtain- 
ing six rituals from Waxrizhi, whose father, who died about a year 
before, is said to have been the last of the No°ho”zhi'’ga men thor- 
oughly versed in the ancient rites. 

Another ritual obtained is the Dream Ritual, with literal and free 
translations. This is a narration of a No%o’’zhFga’s fast dream of 
the sacred packs, a number of which have been procured and trans- 
ferred to the National Museum. 

StiU another ritual, known as the Wi-gi-e Paho-gre, “ First of the 
Rituals,” with literal and free translations, was recorded. This teUs 
of the coming of the Ho^ga of the Seven Fireplaces, or clans, to the 
earth from the sky by permission of the Sun, Moon, and Morning 
and Evening stars, and with the aid of the Winged Flo^ga, or 
“ Spotted Eagle ” ; of their finding the earth covered with water 
whto they descended ; their having to rest on the tops of seven red- 
oak trees, until, by his magic power, the Elk dispersed the waters 
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and made dry land appear ; their meeting with the crawfish, which 
brought from out of the earth clays of different colors to be used 
by the people of the Ho^ga clan for symbolic purposes in their 
]Sro"ho''zhi“ga rites. The No%o”zhi"ga are said to be exceedingly 
careful not to recite this ritual to anyone unless given large fees. 

The ritual of the Birth of the Sacred Bird, also recorded and 
translated by Mr. La Flesche, relates to the adoption of the hawk as 
a war symbol and is in the form of a legend telling of the birth of 
the bird, as of a human being, to the sister of four brothers who 
attended the delivery of the child. The story begins with the birth, 
gives the details of each stage of growth, and tells of the prediction 
of the four brothers that their nephew was destined to become a great 
warrior. The child becomes fretful and wails ceaselessly until the 
sliins of seven prey animals and a bow with a bit of scalp attached 
are brought to it by its uncles. For this reason no one can be initi- 
ated into the order of the lsro'‘ho''zlu"ga unless he furnishes the skins 
of these seven animals. 

The ritual of the Symbolic Painting was likewise recorded. This 
relates to the symbolic painting of the man who acts as the initiator 
in the initiation of a new member of the No”ho”zhi"ga order. The 
paint is symbolic of the dawn and the rising sun. 

Another ritual, that of the Approach to the House of Initiation, 
is recited by the officiating priest while he, the initiator, and the 
votary ceremonially approach the place of meeting of the No’^ho*'- 
zhPga for performing some of the ceremonies. It relates to the 
Tsi'-wa-ko^-da-gi, or “ mysterious house,” of the Ho"ga clan. 

The ritual of Feeding of the Fire relates to the ceremonial building 
of the sacred fire at the place of gathering of the No''ho"zhi'’ga to 
perfoi'm one of the ceremonies. It is an appeal to the supernatural 
for aid in obtaining deer for the sustenance of life and also for help 
to overcome the tribes which menace the lives, the peace, and the 
happiness of the people. 

While these rituals are in themselves complete, each one forms a 
part of the great No’’ho”zhi"ga rite, which Mi\ La Flesche is en- 
deavoring to record in its entirety. 

• Aside from the rituals and songs, Mr. La Flesche has procured 
stories of the wako'^'daffi, or medicine men, and of the strange animals 
from which they obtained supernatural powers ; he has also recorded 
love stories, stoiies of those who had died and returned to life, war 
stories, and myths. Some of these have been transcribed in final 
form. In all, the test of these stories aggregates about 250 pages. 
Mr. La Flesche, however, has given' comparatively little attention to 
legends and stories of this kind, having devoted his energies chiefly 
to the secret rites that at one time meant so much to the Osage people, 
and which are so rapidly disappearing. 
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By agreement with Mr. Karl Moon, noted for his work in Indian 
photography, the bureau is to receive a series of Osage photographs, 
taken with the aid of Mr. La Flesche, who made the necessary ar- 
rangements with the Indians to pose for them. Mr. La Flesche re- 
ceived as a gift from Wano“shezhFga the sacred bundle of the Eagle 
clan, to which he belongs. This fine specimen has been transferred 
to the National Museum, where it is placed with the other Osage 
bundles that he has been so fortunate as to obtain. 

Dr. Paul Eadin, ethnologist, was among the Winnebago Indians of 
Wisconsin at the opening of the fiscal year, having resumed his in- 
vestigations of this people in the preceding month. These were con- 
tinued to completion, and in October, 1911, Dr. Eadin returned to 
Washington and continued the preparation of a monograph on the 
ethnology of the Winnebago tribe, which was brought to completion 
and submitted in the latter part of March, 1912. Although the 
medium of publication of this memoir has not yet been determined, 
it is probable that it will appear as the accompanying paper of the 
twenty-ninth annual report. 

Dr. Franz Boas, honorary philologist, continued the linguistic re- 
searches outlined in previous reports, the immediate object of w’hich 
is the completion of paid 2 of the Handbook of American Indian 
Languages, which is to contain sketches of the native languages of 
Oregon and Washington, with some additional material on the ex- 
treme northwestern part of the continent. An account of the devel- 
opment of the plan and object of this Flandbook was set forili in my 
last annual report. 

The printing of the sketch of the Takclma grammar, by Di*. Ed- 
ward Sapir, for this Flandbook, has been completed, and the separates 
thereof have been issued. The work of Dr. Leo J. Frachtenherg un- 
fortunately sulfered delay owing to protracted illness. His revision 
of the Coos grammar, however, has been almost completed, and it 
is expected that the manuscript of the Siuslaw grammar will be in 
the hands of Dr. Boas, as editor of the Handbook, by August of this 
year. The necessary final revision of the subject matter of both 
sketches was made by Dr. Frachtenherg at Siletz, Oregon. 

Dr. Boas rewrote a grammar of the Chukchee language, Avith com- 
parative notes on the Koryak and Kamchadal, by Mr. AFaldemar 
Bogoras, and added references to the published Eussian and English 
series of Chukchee texts, which had been published preAdously by 
Mr. Bogoras. In the course of the year this manuscript Avas also type- 
written and prepared for the printer. In the summer of 19lS Dr. 
Boas met Mr. Bogoras in Berlin and discussed with nim the revised 
form of the grammar. At the close of the year the results of these 
discussions were being incorporated in the grammar, and it is ex- 
pected that the manuscript will be ready for the printer early in the 
autumn. 



Dr. Boas has folloived out the policy of printing texts illustrating 
the grammatical sketches in a series which according to the original 
plan were to have been published as bulletins of the bureau, but this 
plan was abandoned for administrative reasons. During the present 
year the series of Tsimshian texts, illustrating the Tsimshian dialect, 
was published as Volume III of the Publications of the American 
Etlmological Society, and the series of Maidu texts as Volume IV 
of the same sex-ies. These illustrate languages contained in part 1 
of the Handbook, so that now texts for all the languages therein 
treated are available to students. 

The printing of the Coos texts, by Dr. Frachtenberg, which are to ' 
appear as Volume I of the Columbia University Contributions to 
Anthropology, has almost been completed, and the printed matter 
has been utilized to illustrate the sketch of the language. 

The research in Indian music by Miss Frances Densmore was 
characterized by the completion of her studies among the Chippewa 
and the beginning of investigations along similar lines among the 
Sioux. Miss Densmore’s field, work comprised one month with the 
Sioux on the Sisseton Reservation in South Dakota, about two 
months on Standing Rock Reservation in North Dakota, and a few 
days on the White Earth Reservation in Minnesota for the final 
revision of some descriptions and translations in her Chippewa 
manuscripts. The finished results submitted during the yea,r com- 
prised material on both Chippewa and Sioux music. Two papers on 
Chippewa studies were presented, one entitled “ Further Analyses 
of Chippewa Songs,” the other bearing the title “ Deductions from the 
Analysis of Chippewa Music.” In addition Miss Densmoi’e finished 
about 100 pages that included additional references to the bibliography 
of the subject, a more complete explanation of minor points, some 
lingToistic analyses, and slight changes in the analy.sis of individual 
songs to conform with present methods — all this was complete for 
publication when submitted. Her paper on “ The Sun Dance of the 
Teton Sioux,” including 33 songs, could be published in its present 
form, but it is deemed desirable to add a structural analysis of the 
songs similar to that accompanying the Chippewa material. 

Additional illustrations for the Chippewa studies liave been sub- 
mitted during the year, also adequate illustrations for tlie paper on 
the Sun dance of the Sioux. With few exceptions these illustrations 
’ are photographs taken especially for the work, many being pictures! 
of old ceremonial articles used in the Sun dance. Considerable atten- 
tion also has been given to the collecting of specimens having an 
interest in connection with the work. 

Mr. W. H. Holmes, head curator of the department of anthropology 
of the United States National Museum, has continued, as oppor- 
tunity afforded^ the preparation, of the Handbook of Archeology 
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commenced by him while chief of the bureaiT. The main body of the 
research work in connection with this Handbook has been completed, 
but much remains in the way of literary investigation and in the 
preparation of illustrations. While no time can yet be fixed for the 
completion of the work, Mr. Holmes hopes to finish the manuscript 
and the illustrations for the first volume before the summer of 1913. 

Good progxess has been made in transcribing the manuscript 
French-Miami dictionary, by an unknown author but attributed to 
Pere Joseph Ignatius Le Boulanger, in the John Carter Brown 
Library at Providence, Bhocle Island. The copying has been made 
possible through the courtesy of Mr. George Parker Winship, libra- 
rian, who not only has placed this valuable manuscript at the dis- 
posal of the bureau for this purpose, but has kindly permitted his 
assistant, Miss Margaret Bingham Stillwell, to prepare the tran- 
script, and personally has supervised the making of photostat copies 
of part of the manuscript, especially that devoted to the text portion. 
During the year Miss Stillwell finished and submitted the transcript 
of 295 pageSj representing pages 20 to 77 of the original. 

Prof. Howard M. Ballou, of the College of Hawaii, has continued 
the search for titles for the proposed List of Works Eelating to 
Hawaii, especially those of works published locally in the native 
language, many of which are very rare. In this Avork Prof. Ballou 
has had the generous assistance of the Eev. Mr. Westervelt. This 
bibliography has now reached a stage where steps should soon be 
taken toward finally arranging the material for publication. 

There has long been need of a revision of the Catalogue of Pre- 
historic Works East of the Eocky Mountains, prepared by the late 
Di’. Cyrus Thomas and published as a bulletin of the bureau in 1891, 
but which passed out of print several years ago. In the fall of 1911 
steps were taken toAvard undertaking this revision, and the bureau 
was fortunate at the outset in engaging the services of Mr. D. I. 
Bushnell, jr., of University, Virginia, as compiler of the worlc. Cir- 
cular letters were dispatched to county clerks east of the Mississippi, 
Avho not only supplied direct infoi'mation respecting aboriginal sites, 
but furnished the names of hundreds of collectors and others having 
personal knoAvloclgc. of ihe .'subject, and to these special letters were 
addi’essed. By this means so much information of a local character 
W’as received in regard to the location of mounds, village and camp 
sites, shell heaps, quarries and workshops, pictographs, etc., in addi- 
tion to that recorded in the Catalogue of Dr. Thomas, that the revised 
work gives promise of being a fairly complete Plandbook of Aborig- 
inal Eemains East of tbc Mississippi. Besides finishing the collation 
of this material and of other data already in possession of the bureau, 
Mr. Bushnell has made good progness in extracting the information 
contained in various publications devoted to American archeology, 
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notably those by Mr. Clarence B. Moore on the mounds of the- South. 
In this compilation the bureau has had the generous cooperation of 
Mr. Arthur C. Parker, State archeologist of New York, and of Mr. 
Warren K. Moorehead, curator of the department of archeology of 
Phillips Academy, Andover, Massachusetts, while others have kindly 
offered their aid. No date for the publication can yet be given. 

rUBLIOATIONS. 

The editorial work of the bureau has been conducted tinder the 
immediate charge of Mr. J. G. Gurley, editor. The proof reading 
of the twenty-seventh annual report, the accompanying paper of 
which is a monograph entitled “"The Omaha Tribe,” by Alice C. 
Fletcher and Francis La Flesche, was completed and the report 
published. 

The manuscript of the twenty-eighth annual report was edited and 
transmitted to the Public Printer, At the close of the year about 
one-third of this report was in page form, and the remainder was in 
process of paging. This report includes the following papers : Casa 
Grande, Arizona, by Dr. J. Walter Fewkes; Antiquities of the Upper 
Verde Elver and Walnut Creek Valley, Arizona, also by Dr. Fewkes, 
and Preliminary Keport on the Linguistic Classification of Algon- 
quian Tribes, by Dr. Truman Michelson. 

The series of bulletins was increased by the addition of Bulletin 47, 
A Dictionary of the Biloxi and Ofo Languages, Accompanied by 
Thirty-one Biloxi Texts and Numerous Biloxi Phrases, by James 
Owen Dorsey and John E. Swanton. 

Bulletin 49, List of Publications of the Bureau, was issued in a 
third impression. 

Bulletin 40, Handbook of American Indian Languages, Part 2, was 
carried toward completion under the editorship of Dr. Franz Boas, 
as elsewhere stated, with the result that two sections, comprising 418 
pages, dealing with the Takelma and Coos languages, are in substan- 
tially jfinal form, 

. Toward the close of the year steps were taken to advance the work 
on Bulletin 46, Byington’s Choctaw Dictionary, edited by Dr. John 
E. Swanton. 

Considerable tinie was given to the editing and proof reading of 
Bulletin 52, Early Man in South America, by Ales Hrdlicka, in col- 
laboration with W. H. Holmes, Bailey Willis, Fred. Eugene Wright, 
and Clarence N, Fenner. At the close of June the work was nearly 
through press. 

The last buEetin to receive attention was No, 53 — Chippewa 
Music — 11, by Frances Densmore. Substantial progress on the prep- 
aration of the author’s material for the press had been made at the 
close of the fiscal year. 
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The demand for the publications of the bureau continues to increase, 
and their distribution, numbering 15,003 copies during the year, neces- 
sitated extended correspondence. The distribution of the bureau 
publications has been under the immediate care of Miss Helen Munroe 
and Mr. E, L. Springer, of the Smithsonian Institution. 

A concurrent resolution authorizing the reprinting’ of the Hand- 
book of American Indians was introduced in the Senate and passed 
on May 11, 1912, and subsequently was favorably reported by the 
Committee on Printing of the House of Representatives, but it had 
not been passed at the close of the fiscal year. 

ILLIJSTEATIONS, 

The preparation of the illustrations for the publications of the 
bureau and the photographing of the members of visiting delega- 
tions of Indians were conducted under the charge of Mr. De Lancey 
Gill, illustrator. In connection with this Vv'ork 90 photographic 
negatives of Indians and 123 of ethnologic subjects were prepared; 
19C films exposed by members of the bureau in the field were devel- 
oped; 1,322 prints were made for publication and for exchange or 
distribution; and 110 pen and brush drawings were prepared. At 
the request of Mr. Wilberforce Eames, of the New York Public 
Library, a collection of 118 photognaphs of representative Indians, 
covering 55 tribes, was furnished by the bureau as a part of a loan 
exhibition opened at that library in May and was still on view at 
the close of the fiscal year. 

Mr. Gill had the usual assistance of Henry Walther until February 
16, 1912, when his services in behalf of the bureau for many years 
came to a close with his death, Mr. Walther has been succeeded by 
Walter A. Stenbouse. 

LIBRARY 

Under the supervision of Miss Ella Leary the work of the libraiw 
has made satisfactory progress. During the year 720 volumes (103 
by purchase) and 300 pamphlets were received; in addition 620 
periodical publications, of whidi 606 were acquired by exchange and 
the remainder by subscription, were a'ceessioned. The reeataloging 
of certain serial publications in the library has been contumed, and 
attention given to the preparation of a subject catalogue of the large 
collection of pamphlets, many of which had been stored and there- 
fore were inaccessible for three or four years. Successful effort has 
been made to complete the sets of certain publications of scientific 
societies and other learned institutions. For the use of the members 
of the staff the librarian has prepared and posted copies of a monthly 
bulletin of the library?s principal accessions; and in order that the 
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large number of scientific serials received might also be made readily 
accessible, the current issues have been displayed on a table provided 
for that purpose. 

Not-withstanding the increasing value of the bureau’s library,, it 
was found necessary, from time to time, to make requisition on the 
Library of Congress for the loan of books, the volumes thus received 
for temporary use numbering about 260. The volumes bound during 
the year numbered 492. At the close of the year the library con- 
tained approximately 17,970 volumes, about 12,500 pamphlets, and 
several thousand periodicals. Although maintained primarily as a 
reference library for the bureau’s staff, it is constantly consulted by 
students not connected with the Smithsonian Institution and by offi- 
cials of the executive departments and the Library of Congress. 

COLLECTIONS 

The following collections wei’e made by members of the staff of 
the bureau during their field researches : 

By Mr. F. W. Hodge: Twenty-two paper squeezes of early and 
recent Spanish inscriptions on El Morro, or Inscription Eock, in 
Hew Mexico. Objects of stone, bone, clay, etc., from tbe cemetery of 
the ancient ruined pueblo of Kwasteyukwa on the mesa above the 
Jemez Hot Springs, Hew Mexico. Ten barrels of pottery and human 
skeletal remains from the same locality. These collections were made 
under a joint expedition conducted by the bureau and the School of 
American Archaeology. 

By Hr. John E. Swanton; Two ball sticks, one ball, one breech- 
cloth and belt, one tiger tail, from the Creek Indians at Coweta, Okla- 
homa. 

By Ml’. James Mooney : Four dance masks, two pairs of ball sticks, 
two toy baskets, two wooden spoons, one ox muzzle, one stone ax, one 
small celt, three arrowheads, from the Cherokee Indians of Horlh 
Carolina. 

By Mr. Francis La Flesche: Two sacred packs of tlie Osage 
Indians. 

PROPERTY. 

The most valuable part of the property of tbe bureau consists of 
■ its library, manuscripts (chiefly linguistic), and photographic nega- 
tives, The' bureau posscs^ses also cameras, photographic machines, 
and other ordinary apparatus and equipment for field work; sta- 
tionery and office supplies; necessary office furniture; typewriters, 
etCw, and the luidistributed stock of its publications. The amount of 
$342,27 was expended for office furniture during the year, while the 
cost of necessary books and periodicals was $396.42. , 
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As in the past, the manuscripts have been under the custodianship 
of Mr. J. N. B. Hewitt. Those withdrawn by collaborators of the 
bureau during the year numbered 234 items. The new manuscripts 
acquired are those hitherto mentioned in this report as having been 
prepai'ed by members of the staff or by collaborators and designed 
for eventual publication. Negotiations have been entered into with 
the heirs of the late Sehor Andomaro Molina, of Merida, Yucatan, 
for the return of Henderson’s Maya Dictionary, a manuscript of six 
volumes lent to Sehor Molina a number of years ago for use in con- 
nection with certain linguistic studies then contemplated in behalf 
of the bureau. 

RECOMMENDATIONS. 

I desire to repeat the recommendations submitted in my last annual 
report, respecting the extension of the researches of the bureau and 
for other purposes, and urging the aiopropriation of the necessary 
funds for conducting them. These include the following projects : 

The exploration and preservation of antiquities in the arid region. 

The extension of ethnologic researches in Alaska and among tlie 
tribes of the Mississippi Valley. 

The preparation of a completely revised edition of the Handbook 
of American Indians. 

Additional editorial assistance in preparing the publications of 
the bureau for the press. 

A small sum to meet the expense of supplying photographs of In- 
dian subjects to schools and colleges, and for other educational pur- 
poses, and for systematically making photographs in the field to 
illustrate the daily life and the ceremonies of the Indians. 

In addition it is recommended that the systematic excavation and 
study of certain archeological sites in the South and West be con- 
ducted in order that archeological research may go hand in hand with 
the ethnological studies now being pursued in the same fields. 

. The reasons for extending the work of the bureau in the directions 
indicated are set forth more fully in the estimates of appropriations 
for the year 1914, in connection with which the sums regarded as 
necessary to the work are given. 

Respectfully submitted. 

F. W. Hodge, 
Ethnologist in Charge. 

Dr. Charles D. Walcott, 

, Becretary of the Smithsonian Jiutitution. 



Appendix 3. 

EEPOET OA THE INTERNATIONAL EXCHANGES. 

Sir : I liave the honor to submit the following report on the opera- 
tions of the International Exchange Service during the fiscal year 
ending June SO, 1912 : 

The congressional appropriation for the support of the service 
during the year, including the allotment for printing and binding, 
was $32,200 (the same amount as granted for the past four years), 
and the rexiajunents for services rendered were $1,391.02, making the 
total available resources for carrying on the system of international 
exchanges $36,591.02. 

The total number of packages bandied during the year was 
315,492 — an increase over the number for the preceding year of 
29,T91. The weight of these packages was 568,712 pounds — a gain 
of 7,904 pounds. The increase in the volume of birsiness, which has 
been continuous since the establishment of the service, is shown in 
the diagram on page 59. 

The publications dispatched by the Exchange Service are classified 
under four heads: First, the Congressional Record; second, “ Parlia- 
mentary documents”; third, “Departmental documents”; fourth, 
“Miscellaneous scientific and literary publications.” 

The term “ Parliamentary documents,” as here used, refers to pub- 
lications set aside by law for exchange with foreign Governments, 
and includes not only copies of documents printed by order of either 
House of Congress, but copies of each publication issued by any 
department, bureau, commission, or officer of the Government. The 
object in sending these jiublications abroad is to procure for the use 
of the Congress of the United States a complete series of the publi- 
cations of other Governments, and the returns are deposited in the 
Congressional Library. 

The term “ Departmental documents ” embraces all the publica- 
tions delivered at the Institution by the various Government depart- 
ments, bureaus, or commissions, for distribution to their correspond- 
ents abroad from whom they desire to obtain similar publications in 
exchange. The publications received in return are deposited in the 
various departmental libraries. 

The “ Miscellaneous scientific and literary publications ” are re- 
ceived chiefly from learned societies, universities, colleges, scientific 
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institutes, and museums in the United States, and transmitted to sim- 
ilar institutions in all parts of the world. 



Diagram showing Incrsase of exchange transmissions, in tons of 2,000 pounds, from 1850 
to 1012, divided into periods of live years each 

For purposes of comparison, the number and weight of packages 
of different classes are indicated in the following table : 


■ 

Packages. 

Weight. 

' 

Sent, 

Received. 

Sant, 

Received. 

United States parUamentaiy doCujnents sent abroad 

i 

13G;722 


Pounds 

128,253 

Pounds. 

Publications received In return for parliamentary documents. . . 



2,425 


17,794 

United States depaitmental documents seat abroad 

P-’ p. .. , p rrl f-j- departmental documents 

72,438 

9,452 

180,990 

19,113 

V . ’ - It 1 ' ' ay pubhoations sent abroad . 

Miscellaneous, scientific, andliteiary publications received from 

56,110 



113,593 



abroad for disiributionm T’r -tC'l fiP-i >■ 


38,345 



103,969 

Total ■- 

1 265,270 

1 50,232 

422,836 

145,876 

Grand total 

315,492 

I 568,712 




<50 ASTjSTUAL EBPOBT SMITHBOETIAN- INSTITUTIOEr, 1912. 

The disparity indicated by the foregoing statistics between the 
number of packages sent and those received in behalf of the Govern- 
ment is accounted for, in part, by the fact that packages sent abroad 
contain, as a rule, only one publication, while those received in re- 
turn often comprise many volumes, in some instances, especially in 
the case of publications received in return for parliamentary docu- 
ments, the term “ package ” being applied to large boxes containing 
100 or more separate publications, of wliich no lists are made in 
Washington, as the boxes are forwarded to their destinations un- 
opened. Furthermore, many returns for publications sent abroad 
reach their destinations direct by mail and not through the Exchange 
Service. 

Proper allowance being made for these circumstances, it is, never- 
theless, apparently true that the publications of the United States 
Government sent to foreign countries greatly exceed in number those 
received by the Library of Congress and the several executive de- 
partments, bureaus, and independent offices. This in turn appears 
, to be due mainly to the fact that most foreign Governments publish 
less extensively on scientific and other subjects than our own. The 
fiscal relations between the Government and scientific and other in- 
stitutions are more complex in many countries than is the case in the 
United States, and the distinction between public documents and 
other publications is not so clear, especially where the printing for 
the Government is not centralized in one office or is not done by the 
Government itself. 

While several of the departments and bureaus of our own Govern- 
ment have expressed themselves satisfied with the returns received 
through the Exchange Service, it is proposed to make a further in- 
vestigation of this subject for the purpose of ascertaming whether 
some important publications and series of publications have not been 
ovel’looked, and also what proportion the number of the publications 
issued by certain European Governments in a given year bears to 
the number received by the departments and bureaus of the United 
States Government, and to the number sent to the 'former. It will 
be obvious that a debit and credit account is out of the question in a 
case of this kind. “While a scientific or literary institution issues 
publications for the benefit of the whole world, a Government issues 
reports and other documents mainly for purposes of record and for 
the information of its own officers and its own citizens. The more 
largely the people are directly concerned in the Government, and the 
more extended its interests and activities, the greater will be the out- 
put of reports and other publications. Sucli a Government will have 
much more to offer than it oan expect to receive in return from a 
smaller country. 

As regards the exchange of miscellaneous scientific and literary 
publications, it will be noted that the weight in pounds of those 
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received into the United States through the Exchange Service during 
the fiscal year 1911 more than doubled the weight of those sent abroad, 
while the weight of those received during the fiscal year 1912, cov- 
ered by this report, almost equalled that of those sent abroad. There 
is every reason, therefore, to believe that this important branch of 
the work yields adequate returns. 

By referring to the foregoing table it will be noted that TO per 
cent of the work of the office has been conducted in behalf of United 
States governmental establishments. 

Of the 2,395 boxes used in forwarding exchanges to foreign bu- 
reaus and agencies for distribution (an increase of 15 boxes over 
1911), 328 boxes contained full sets of United States official docu- 
ments for authorized depositories and 2,0G7 were filled with depart- 
mental and other publications for depositories of partial sets and 
for miscellaneous correspondents. The number of boxes sent to each 
foreign country and the dates of transmission are shown in the fol- 
lowing table : 


Cmmymnenis of exchanges to foreign countries. 


Country. 

Number 
of boxesv 

Date of trausinissio:!. 

Argentma 

36 

July IS, Aug. 18, Sept. 20, Oct. IS, Nov 23, Dec, 27, 1311, Jan. 20, Feb. 
20, Mar 22, Apr. 22, May 23, June 22, 1912 

Austria 

S3 

July 12, Aug 3, Sept. 7, Oot. 6, Nov 14, Dec b, 1911; Jan 10, Feb 7, 
Mar. 6, Apr 3, May 8, June 5, 1913. 

Barbados 

2 

Mar 27, June 27, 1912. 

Balgmm 

62 

July 8, 29, Aug 12,29, Sept 23, Oct. 14, Nov 4,25, Dec lb, 1911, Jan, 
6, 27, Feh 17, Max. 16, 30, Apr. 27, May IS, June S, 1912 

Bermuda 

1 

Feb. 15, 1912. 

Bolivia, 

12 

Aug 29, Sept 28, Nov, 13, 1011; Jan. 30, Feh. 24, Mar 22, May 2.3, 
June 22, 1912. 

Brazil 

31 

July 15, Aug. le. Sept. 20, Oct IS, Nov. 25, Dec. 27, 1011, Jan 20, 
Feb 20, Mar 22, Apr 22, May 23, June 22, 1912 

British Colonies. . , J 

12 

July 3, Aug. 12, 21, Sept. 2, Oct. 30, Nov 1, 1911, Jan. b, 20, 27, Apr. 
27, June 8, 1912 

British Omana 

2 

Jan. 30, June 29, 1912. 

British Henduras.. . 

1 

Jan. 30, 1912. 

Bulgaua 

3 

July 28, Sept. 29, Nov. 7, 1911. 

Canada 

s 

Aug. 10, Nov. 10, 1911, Jan lO, Apr 1, 25, June 1, 191?. 

Cape Colony 

12 

Aug. 5, Nov. 7, 1911; Jan. 25, Apr 15, Mt'-i 31, June 27, 1912. 

Chile 

22 

July 15, Aug. 16, Sept. 20, Oct 18, Nov 23, Dce. 27, 1911 . Jan. 20, J eb. 
20, Mar 32, Apr. 22, May > 1, June 22, 191 v 

China 

23 

July 21, Aug. 20, Sept. 'iD. Nov 1 , Dec 29, 1911; Jan. 31, Feb. 2S, Mar. 
27, Apr 39, May 31. June '7, 1912 

Colombia 

‘ 14 

Aug. 21, Sept. 28, Nov. 23, ISll; Jan, 20, Feb. 20, Apr 22, May 23, 1913. 

Costa Eica 

17 

July 27, Aug. 21, Sept. 28, Oot. 27, Nov. 23, 1911; Jan. 20, Feb. 24, Apr. 
23, May 28, June 22, 1912. 

Cuba 

6 

Aug. 10, Nov. 10, 1911; Jan. 10, Apr. 1, 2,5, June 1 , 1912. 

Benmark 

31 

July 19, Aug. 24. Sept 27, Oct. 19, Nov 10, Dee 19, 1911; Jan. 20, Feb. 
20, Mar. 1.5, Apr. 15, May 20, June 20, 1912. 

Ecuador, 

.1 

Aug 29. Sept 28, Nov. 13, 1911; Jah. 30, Feb. 24, Apr. 30, June 22, 
1912. 
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ANNUM- EEPOKT SMIIHSONIAN INSTITUTION^ 1912. 
Gonstgumenis of exchanges to foreign countries — Coutmued. 


Country. 

Number 
of boxes 

Date of transmission. 

Egypt 

13 

July 22, Aug 2o, Sept 26, Oct 2 S, Nov. 26, 1911, Jan. 13, Feb. 3, Har. 
9, Apr 6, Kay 4, June S, 1912 

France 

2U7 

July 6, 26, Aug 10, 34, Sept 15, 28 , Oct 12, Nov 1, 23, Dee 8, 21, 1911; 
Jan. 4, 25, Feb. S, 39, Mar. 14, 28, Apr 4, 25, May 9, June 6, 27, 1913. 

Germany 

410 

July 6, 11, 18, 25, Aug 1, 8, IS, 22, 29, Sept % 12, 19, 26, Oct. 3, 10, 17, 
31, Nov 7, 14, 21, 28, Deo 6, 12, 19, 1911; Jan. 3, 9, 16, 23, 30, Peb. 8, 
13, 20, 27, Mar. 5, 12, 19, 28, Apr 2, 9, 16, 23, 30, May 7, 15, 21, 28, Juno 
4, 11, 18, 25, 1912 

Great Britain ond Ire- 
land. 

423 

July 3, 8, IS, 32, 29, Aug. 5, 12, 19, 20, Sept. 2, 11, 18,23, 30, Oet. 7, 14, 23, 
30, Nov 4, 11, 18,25, Dec 2,9,16,37,1911; Jan 6, 13, 20, 27, Feb. 3, 10, 
17,24, Mar 2,9,lG,23,30,Api 6, 13,20,27, May 4, 11, 18,25, June 1, 8, 
15, 22, 29, 1912 

GreejiB 

10 

July 28, Aug 29, Sept 27, Nov. 7, Dee. 2S, 1911, Jan. 25, Feb. 26, Mar. 
27, Apr 25, May 23, June 27, 1912. 

Guatemala 

s 

July 27, Aug. 29, Sept. 28, Nov. 13, 1911, Jan 30, Feb. 24, Apr. 30, June 
22, 1912. 

Haiti 

6 

Aug 10, Nov. 10, 1911, Jan 10, Apr 1, 25, June 1, 1912. 

Honduras 

7 

July 27, Sept 28, Nov 13,1911, Jan 30, Feb. 24, Apr. 30, June 22, 1912. 

Hungary 

39 

July 12, Aug. 3, Sept 7, Oot 6, Nov 14, Deo. G, 1911, Jan. 10, Feb 7, 
Mar 6, Apr, 3, May 8, June 5, 1912 

India 

3S 

July 3,29, Aug 5, 12, Sept 2, 18,23, Oct 14, 23. 30, Nov 4,18,26,1911; 
Jan, 6, 20, 30, Feb. 17, 24, Mar 9, 16, 23, 30, Apr. 13, 27, May 4, IS, 
June 8, IS, 22,1912 

Italy 

06 

July 24, Aug S, Sept 2, 25, Oot. 16, Nov, 11, 25, 1911, Jan, 13, Feb. 3, 
Mar 9, Apr G, May 4, IS, Juno 8, 29, 1912 

Jiimaloa 

S 

July 27, Aug 31, Sept. 29, Nov. 29, 1911, Jan 30, Feb. 26, Apr. 30, Tune 
27, 1912 

Japan. 

62 

July21,Aug 20, Sept. 27, Oct. 20, Nov 20, Deo 28,1911, Jon. 23, Feb. 
21, Mar. 20, Apr 20, May 20, June 20,1912. 

Korea.-, , 

4 

Sept 29, 1911, Feb. 26, Mar 27, June 27, 1912 

Iiiijeriii 

5 

July 27, Sept 39, Nov 13, 1911, Feb. 20, June 27, 1912. 

louraaco Marquez 

2 

Nov 13, 1911, June 22, 1912 

ifftuitobfi 

D 

Aug 10, Nov 10, 1911, Jan 10, Apr. 1, 25, June 1, 1912. 


1 0 

Aug 10, Nov 10, 1911, Jan 10, Apr 1, 25, June 1, 1912. 

Montenegro 

3 

Nov 13, 1911; Feb. 24, Juno 22, 1912 

Natal 

2 

Sept. 2, 1911, Feb. 24, 1912, 

Notherlands 

00 

July 11, 29, Aug 29, Sept 19, Oot. 17, Nov 14, 28, Dec. 12, 1911, Jan. 9. 
30, Feb 27, Mot. 12, 20, Apr. 9, 23, May 7, June 4, 25, 1912. 

Nawtoundland 

2 

Jan. 10 , Apr. 11, 1012, 

New South Wales, . . . 

33 

July 20, Aug 22, Sept. 21, Oct. 28, Nov 25, Dec. 21, 1911; Jan. 24, 
Feb 15, Mar 20, Apr 20, May 20, June 20, 1912. 

New Zealand 

28 

July 20, Aug. 22, Sept. 21, Oet, 28, Nov 25, Dec, 21 , 1911; Jan. 24, Feb. 
15, Mai 20, Apr. 20, May 20, June 20, 1912. 

Nloaragua 

0 

Aug 29, Sept. 28, 1911; Jan. 30, Feb. 24, June 22, 1912 

Noiway 

2S 

July 19, Aug. 24, Sept. 27, Oct, 19, Nov. 10, Dec. 19, 1911, Jan 20, 
Feb, 20, Mat. 15, Apr. 15, May 20, June 20, 1912. 

Ontario 

C 

Aug, 10, Nov. 10 1911, .Tan. 10, Apr 1, 25, June 1, 1912. 

Pannnia 

3 

Nov. 13, 1911; Fob 24, Jin.e 22, l')12. 

Palestine 

4 

Aug. 31, Nov, 29, 1911; June 27, 1912. 

Peru., 

IS 

Jnlyl5,Ang 16, Sept. 20, Oct ia,Nov 23, Dec 27,1911; Jan. 20, Feb. 
20, Min- 22,Ap! 22, May 23, Juno 22,1912 

Portugal 

19 

JulylO, Aug.21,ScpL 27, ucr.lQ.Nov 1 l,D(.£' 19,1911, Jun, 20, Feb. 
20, Mar. 1 ', Apr. 10, May 20, June 2(1, 1912. 

Qnehec 

G 

Aug. 10, Nov. 10, 1911; Jan. 10, Apr. 1, 25, Juno 1, 1912. 



EEPOET OP THE SECEETAHY. 


63 


Constgimients of exchanges to foreign countries — Continued. 


Country. 

Ntlmber 
of boxes. 

Date of transuiiaslon. 

Queensland 

21 

July 20, Aug 22, Sept. 21, Oct 28,Kov 25, Dec 21,1911, Jan.2S,P6b, 
15, Mar 20, Apr. 20, May 20, Juno 20, 1912 

Eoumama 

10 

July2S, Sept 29, Nov, 7, 1911, Api 10, May 31, June 27, 1912 

Russia 

SI 

July 13, Aug 4, Sept 7, Oot 6, Nov 11, Deo 7, 1911; Jan 11, Peb. 8, 
Mar 7, Apr 4, May 9, 29, 1912 

Salvador 

7 

Aug 29, Sept. 28, Nov. 29, 1911; Jan 30, Pob 24, Apr. 30, June 22, 1912. 

Santo Donungo .... 

1 

Sept 29, 1011. 

Servia 

12 

Aug 29, Nov. 7, 1911, Jan. 24, May 7, June 27, 1912 

Sianr. . 

10 

July 2S, Oct 10,Nov. 4, Dec 29,1911, Jan Jl,Peb 2b, Mar. 28, Apr 30, 
May 31, June 29, 1912 

South Australia 

I'J 

i 

July 20, Aug 22, Sept 21, Oot 28, Nov 2,1, Dec 21,1911, Jan. 24, Peb. 
15, Mar 20, Apr, 20, May 20, June 20, 1912 

Spam 

30 

July 23, Aug 25, Sept 20, Oct. 28, Nu\ 25, 1911, Jan 1;!, Peb 3, Mar 
9, Apr 6, May 4, Juno 8, 29, 1912 

Sweden 

64 

July 13, Aug 4, Sept 7, Oet 6, Nov. 11, Dee. 7, 1911, Jan 11, Feb. S, 
Mar. 7, Apr. 4, May 6, Juno 0, 1913 

Switzerland 

53 

July 8, 29, Aug 10, 29, Sept 23, Oct M, Nov 4, 25, Deo 15, 1911; 
Jan 6, 27, Peb 16, Mar 16, 30, Apr. 27, May 18, June 8, 1912 

Syria 

i 

Nov 2, 1911, Feb 5, 1912 

Tasmania 

' 10 

Oct. 30, Nov 4, 1911; Jan B, Apr 27, 1912 

Transvaal 

19 

July 27, Aug. 29, Sept 28, Nov 7, 1911, Jan 25, Feb 24, Mar. 27, Apr. 
26, May 22, June 22, 1913 

Trinidad 

4 

Aug. 31, 1911, Jan, 30, Mai. 27, June 27, 1012 

Turhey 

15 

Aug 30, Nov 2, 1911; Jan 31, Peb 28, Mar. 28, Apr. 30, May 31, 1912 

Uruguay 

19 

July 15, Aug 21, Sept 20, Oct. 27, Nov 23, Dee. 27, 1911, J,in. 20, Peb. 
20, Mar 22, Apr 22, May 23, June 22, 1912 

Venezuela 

14 

Aug 21, Sept 28, Nov. 23, 1011; Jan 20, Peb 20, Apr. 22, May 23, June 
23, 1912 

Victoria 

33 

July 20, Aug 22, Sept 21, Oot 28, Nov 25, Dec 21, 19U;Jan 24, Peb. 
17, Mar. 20, Apr. 20, May 20, June 20, 1912 

Western Australia 

20 

July 22, 29, Aug 6, 26, Sept 2, 23, Oct 7, 23, 30, Dee. 16, 1911, Jan 6, 
27, Mar 16, Apr 27, May IS, 1912 


For some years the Institution has been sending full sets of gov- 
ernmental documents to Cape Colony and the Transvaal and partial 
sets to hfatal and the Orange Eiver Colony. In May, 1912, a com- 
munication was received from the Secretary for the Interior of the 
Union of South Africa stating that since these Governments have 
now become Provinces of the Union, only one set of the publications 
would in future be required. In accordance with this request, the 
forwarding of official documents to the above-mentioned Provinces 
was discontinued, and one fuU series, beginning with box 133, is 
now transmitted to the Union of South Afi'ica, addressed to the 
Secretary for the Interior, care of the Government Printer, Pretoria. 

Packages containing scientific and literary publications received 
from individuals and establishments in the United' States for trans- 
mission through the Exchange Service to miscellaneous addresses 
in the various Provinces of the Union of South Africa are now for- 



warded to certain governmental establishments in those Provinces 
for distribution. The department of the interior of that country 
has been asked to undertake the distribution and also to forward 
to the United States such books as may be sent in return — the de- 
partment acting in the same capacity for the Union of South Africa 
as this Exchange Service does for the United States. 

Through the wrecking of the steamshij) Papanui, the Institution 
lost cases 117 and 158, containing exchanges for distribution in West- 
ern Australia by the Public Library at Perth. A number of pack- 
ages sent in care of the director general of stores, India Office, Lon- 
don, were also lost at sea during the year, owing to the stranding 
of the steamer by which they were being transmitted to India, It is 
gratifying to state that the Institution has succeeded in procuring 
from the senders copies of most of the lost publications, which have 
been duly transmitted to their various destinations. 


FOEEIGN DEPOSITORIES OF UNITED STATES GOVERNMENTAL 

DOCUMENTS. 

The number of sets of United States official publications regularly 
forwarded to foreign countries in accordance with treaty stipulations 
and under the authority of the congressional resolutions of March 2, 
1867, and March 2, 1901, has been reduced from 89 to 86 — one set 
instead of four now being forwarded to the Union of South Africa, 
to whif'h referpuce is made above. This reduction in the number of 
abroad will be only temporary, as negotiations are 
now under Avay looking to the establishment of new exchanges. 

The recipients of the 54 full and 82 partial sets are as follows: 

DEPOSITORIES OF FULL SETS. 

Argenttaa: Ministerio de Relaciones Eslenores, Buenos Aires. 

Argentina : Biblioteea de la Universidad Nacional de La Plata. 

Australia : Library of tlie Commoiiwealtli Parliament, Melbourne. 

Austria : K. K. gtatistische Ceutral-Corannssion, Vienna. 

Baden : Unlversitats-Bibliotbelr, Freiburg. 

Bavaria : Kbniglicbe Hof- nnd Staats-Bibliotbek, Munich. 

Belgium : Bibliothdque Royale, Brussels. 

Brazil: Bibliotheca Nacional, Rio de Janeiro. 

Canada: Parliamentary Library, Ottawa. 

Chile : Biblioteea del Cougreso Nacional, Santiago. 

OMna : American-Chiuese Publication Exchange Department, Shanghai Bureau 
of Foreign Affairs, Shanghai. 

Oolombia : Biblioteea Nacional, Bogota. 

Costa Rica ; Oficina de Depdslto y Canje Internaclomil de Publieacionea, San 

Jos§. 

Cuba; Secretarla de Bstado (Asinitos Oenerales y Oanje Iiiteruaeional), 
Hahana. 

Denmark : Kongellge Bibliotheket, Copenhagen. 
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Kngland: Britisli Museum, London. 

England : London ScBooI of Economics and Political Science, London. 

France; Blbllotli§que Nationale, Paris. 

Prance : Prefecture de la Seine, Paris. 

Germany: Dentsche Eeicbstags-Bibliothek, Berlin. 

Greece; Bibliotbgque Nationale, Athens 

Haiti : Secrgtairerle d’fitat des Kelations Bxterieures, Port an Prmco. 

Hungary : Hungarian House of Delegates, Budapest. 

India: Department of Education (Books), Government oE India, Calcutta, 
Ireland; National Library of Ireland, Dublin. 

Italy: Biblioteca Naziouale Vittorio Bmauuele, Rome. 

Japan; Imperial Library of Japan, Tokyo. 

Manitoba : Provincial Library, Winnipeg 

Mexico : Institute Blbliogrfl,flco, Biblioteca Nacional, Mexico. 

Netherlands : Library of the States General, The Hague. 

New South Wales: Board for International Exchanges, Sydney. 

New Zealand: General Assembly Library, Wellington. 

Norway: Storthingets Bibliothek, Christiania. 

Ontario: Legislative Library, Toronto. 

Peru : Biblioteca Nacional, Lima. 

Portugal: Bibliotheca Nacional, Lisbon 
Prussia : Koniglicho Bibliothek, Berlin. 

Quebec: Legislative Library, Quebec. 

Queensland; Parliamentary Library, Brisbane, 

Russia : Imperial Public Library, St. Petersburg. 

Saxony: Koniglicho Ooffentliebe Bibliothek, Dresden. 

Servia: Section Administrniive dii Ministere des Affaires Btrangores, Belgrade. 
South Australia : Parliamentary Library, Adelaide. 

Spain : Servicio del Cambio Internaclonal de Pnbllcaeloiies, Cuerpo Pacnitativo 
de Arebiveros, Bibliotecarios y Arquedlogos, Madrid. 

Sweden- Kunglign Biblioteket, Stockholm 
Switzerland: BibliotbSque Fcderale, Berne. 

Tasmania; Parliamentary Library, Hobart. 

Turkey: Department of Public Instruction, Constantino] ilo. 

Union of South Africa: Department of the Interior, Pretoria, Transvaal. 
Uruguay: Ofidna do Canje Internaclonal de Piiblicacione.s, Montevideo. 
Venezuela : Biblioteca Nacional, Caracas. 

Victoria: Public Library, Melbourne. 

Western Australia : Public Libraiy of Western Australia, Perth. 

Wdrttemberg : Kdnigliche Ijandesbibliotbek, Stuttgart. 

DEPOSITORIES OE PARTIAU SETS. 

Alberta ; Legislative Library,' Edmonton. 

Alsaee-Lorr.alne : K. Ministerlum ftlr Blsass-Lotbringen, Strassbnrg. 

Bolivia ; Ministerio de Oolonizacidn y Agricultnra, La Paz 

Bremen : Senatskommission fiir Reichs- und Auswartige Angelegenbeiten. 

British Columbia : Legislative Library, Victoria. 

Bulgaria : IMinlster of Foi-elgn Affairs, Sofia. 

Ceylon; United States Consul, Colombo. 

Ecuador; Biblioteca Nacional, Quito. 

Egypt; Bibliotbeque Kbediviale, Cairo. 

Guatemala : Secretary of the Government, Guatemala. 
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Hamburg : Senatskominissiou f iir die Reichs- und Auswartigen Angelegenlieiton. 
Hesse: Grossherzogliclie Hof-BiWiotbek, Darmstadt. 

Hottdiiras : Secretary of the Government, Tegucigalpa. 

Jamaica : Colonial Secretary, Kingston. 

Liberia; Department of Slate, Monrovia. 

Lourenco Marquez; Government Library, Lonrengo Marquez. 

Malta; Lieutenant Governor, Valetta. 

Montenegro: Minist&re des Affaires litrangeres, Cciinje. 

Ney Brunswick : Legi.slative Library, Fredericton 
Newfoundland: Colonial Secretary, St. John’s. 

Nicaragua: Superinl endente de Arcliivos Nacionales, Managua. 

Northwest Territories: Government Library, Regina. 

Nova Scotia ; Provincial Secretary of Nova Scotia, Halifax 
Panama • Secretaria de Relaciones Bsterinrcs, Panama. 

Paraguay: Oflcma General de Imnigracion, Asuncion. 

Prince Edward Island: Legi.slative Library, Charlottetown. 

Ronmanla: Academia Romana, P>ueare,st. 

Salvador : Minlsterio de Relaciones E.vterioros, San Salvador. 

Siam : Department of Foreign Affairs, Bangkok. 

Straits Settlements: Colonial Secretary, Singapore 

United Provinces of Agra and Ondh: Under Secretary to Government, Alla- 
, habad. 

Tienna : Burgermeister der Haupt- und Eesiclenz-Stadt 

No countries were added during the year to the list of those with 
which the immediate exchange of oiRcial parliamentary journals is 
carried on. While the Jiumber of countrie.s at present talriiig part 
in this exchange with the United States is 29, the total number of 
copies of the Congressional Record transmitted is 34 — 2 copies being 
sent to some of the countries, 1 to the upper and 1 to the lower House 
of Parliament. 

Tlie Records are received from the Government Printing Office on 
the morning following the date of their issue. . They are at once 
placed in envelopes and forwarded to their destinations by mail. 

A complete list of countries to which the Congressional Record is 
now sent is given below : 


Argentine Republic. 
Australia. 

Austria 

Baden. 

Belgium. 

Brazil. 

Canada. 

Cuba. 

Denmark. 

Frauce. 


Great Britain. 
Greece. 

Guatemala 

Honduras. 

Hungary. 

Italy. 

New South Wales 
N'ew Zealand 
Portugal. 

Prussia. 


Eoumaula. 

Russia. 

Servia. 

Sjrain. 

Switzerland. 

Transvaal. 

Union of South Africa. 
Uruguay. 

Western Australia. 
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tIST OF EUEEAtrS OE AGENCIES THBOUGH WHIOII EXCHANGES AEE TBIKSMITTED. 


The following Is a list of btireans or agencies through which the distribution 
of exchanges is effected. Those in the larger and many in the smaller countries 
forward to the Smithsonian Institution, in return, contributions for distribution 
in the United States: 

Algeria, via Prance. 

Angola, via Portugal. 

Argentina: Comision Proteclora de Bibliotecns Populares, Eeconriuista .fiSS, 
Buenos Aires. 

Austria : K. K. Statlstische Central-Commission, Vienna 
Azores, via Portugal 

Belgium: Service Beige des Echanges Internniionaux, Rue dn Mnsee b, Brus- 
sels. 

Bolivia ; Oficina Naeional de Estadfstica, La Paz 

Brazil: Seiwigo de Permutagoes luteruaciouaes, Bibliotheca Naeional, Bio de 
Janeiro. 

British Colonies • Crown Agents for the Colonies, London ‘ 

British Guiana : Royal Agricultural and Commercial Society, Georgetown. 
British Honduras- Colonial Secretary, Belize. 

Bulgaria : Institutions Scientiflques cle S. M. le Roi de Biilgarie, Sofia. 

Canary Islands, via Spain. 

Cape Colony : Government Stationery Department, Cape Town. 

Chile: Servicio de Canjes luternacionales, Biblioteca Naeional, Santiago. 
China: Zi-ha-wei Observatory, Shanghai. 

Colombia: Oficina de Canjes Internacionales y Reparto, Biblioteca Naeional, 
Bogota. 

Costa Rica : Oficina de Depfisito y Oanje Internacional de Piiblicaciones, San 
Jos6. 

Denmark: Kongelige Dansbe Yidenskabernes Selskab, Copenliagen 
Dutch Guiana : Surinaamsche Koloniale Bihliotheek, Paramaribo. 

Ecuador: Ministerio de Relaeioues Esteriores, Quito. 

Egypt: Director-General, Survey Department, Giza (Mudiria). 

Prance: Service Prangais des Bebanges Internationaux, 110 Rue de Grenelle, 
Pans. 

Germany; Amerika-Institut, Berlin, N. W. 7. 

Great Britain and Ireland: Messrs. William Wesley & Son, 28 Essex Street, 
Strand, London. 

Gi-eece: Bibliotheque Nationale, Athens. 

Greenland, via Denmark. 

Guadeloupe, via Prance. 

Guatemala; Institute Naeional de Varones, Guatemala. 

Guinea, via Portugal. 

Haiti : Secretaire d’Btat des Relations Ext&rieiires, Port au Prince. 

Honduras: Biblioteca Naeional, Tegucigalpa 

Hungai-y : Dr, Julius Pikler, Municipal Office of Statistics, City Hall, Budapest. 
Iceland, yia Denmark. 

India : India Store Department, India Office, London. 

Italy: Ufflcio degli Scambl Internazionali, Biblioteca Nazionale Vittorio Eman- 
uele, Rome. 

iTIilB method Is employed for communicating with several of the British colonics with 
which no medium is available for forwarding exchanges direct. 
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Jamaica ; Institute o£ Jamaica, Kingston. 

Japan ; Imperial Library of Japan, Tokyo. 

Java, via Netherlands 

Korea ; His Imperial Japanese Majesty's Eesiclency-Genera], Seoul 
Liberia : Department of State, Monrovia. 

Lourenco Marquez • Government Library, Loureuso jMarqnez. 

Luxemburg, via Germany, 

Madagascar, via France. 

Madeira, via Portugal. 

Montenegro : MinistSre des Affaires Ftrangeres, Oetinje. 

Mozambique, via Portugal. 

Natal; High Commissioner for the Union of South Africa, London. 

Netherlands: Bureau Scientiflqne Ceurral Neerlandai.s, BibliothSque de I’Uni- 
ver,slte, Leyden 
New Guinea, via Netherlands. 

New South Wales: Board for Interuational Exchanges, Public Library, Sydney. 
New Zealand • Dominion Museum, Wellington. 

Nicaragua; Ministerio de Kelaclones Exteriores, Managua 

Norway: Kongelige Norske Frederiks Universitet Bibliotheket, Christiania. 

Panama : Secretaria de Belaciones Exteriores, Panama. 

Paraguay : Ministeno de Relaeiones Exteriores, Asuncion. 

Persia ; Board of Foreign Missions of the Presbyterian Church, New York City. 
Peru; Oficina de Reparto, DepOslto y Oanje Interiiacional de Pubhcaciones^ 
Ministerio de Fomento, Lima, 

Portugal : Servigo de PermutagSes Intemacionaes, Bibliotheca Nacioiial, Lisbon. 
Queensland ; Chief Secretary’s OiHce, Brisbane. 

Russia : Commission Russe des Echanges Interuationaux, Bibliothoque Im- 
pdriale Publique, St. Petersburg. , 

Salvador : Ministerio de Reiaciones Exteriores, San Salvador 

Servia : Section Administrative du MinistSre des Affaires Etrangeres, Belgrade. 

Siam: Department of Foreign Affairs, Bangkok. 

South Australia : Public Library of South Australia, Adelaide. 

Spain. Scrvicio del Cambio Internacional de Pnblicaciones, Cuerpo Faeiiltatlvo 
de Arehiveros, Bibliotecarios y Arquedlogos, Madrid. 

Sumatra, via Netherlands 

Sweden : Kongliga Sreuska Yetenskaps Akademien, Stockholm. 

Switzerland : Service des Echanges Internationanx, Bibllothgqno Eederale Oen- 
trale, Bern. 

Syria: Board of Foreign Missions of the Presbyterian Church, New Yoi-k. 
Tasmania' Royal Society of Tasmania, Hobart. 

Transvaal : Government Library, Pretoria 
Trinidad ; Victoria Institute, Ford of Spain. 

Tunis, via France. 

Turkey : American Board of Commissioners for Foreign Missions, Boston. 
Uruguay ; Oficina de Oanje Internacional, Montevideo. 

Venezuela ; Biblioteca Kaclonal, Caracas. 

Victoria ; Public Library of Victoria, Melbourne. 

Western Australia : Public Library of Western Australia, Perth. 

Windward and Leeward Islands : Imperial Department of Agriculture, Bridge- 
town, Barbados. 
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Table showing the number of institutions and individuals in foreign countries 
to which packages were transmitted through the International Exchange 
8e> vice during the first six months of the fiscal year 1912. 



Organi- 

zations. 

Individ- 

uals. 


Organi- 

zations. 

Individ- 

uals. 

Afnca: 



America (North)— Contd. 



Algeria 

13 

25 

West Indies— Contd. 




1 



1 



4 

1 

St. Thomas 

1 


Canary Islands 

2 


St Vincent 

1 

1 

Cape Colony 

as 

30 

San Domingo 

4 

2 

East Africa and Uganda 



Trmidad 

8 

8 

Froteotoratas 

4 

7 

America (South): 



Egypt 

2i 

15 

Argentina. 

65 

95 

German East Africa . . . 

3 

2 

Bolivia 

9 

6 

Gold Coast 

1 

1 

Brazil 

t53 

55 

Lagos 

1 

1 

British Guiana 

6 

4 


5 

7 


38 

40 

l/ouren^o Marquoz 

2 

1 

Colombia 

13 

6 

Madagascar 

3 


Dutch Guiana 

2 



1 

1 

Ecuador 

9 

15 



3 



1 



i 

Paraguay 

10 

3 

NaM 

IT 

14 

Peru 

28 

24 

Orange Free State 

3 

8 

Uruguay 

n 

13 


4 

2 

VouDzuela..... 


11 

Eliodesia 

2 

u 

Asia: 




1 


Bui'ina.. 


6 


3 

2 

Coylon 

i2 

8 

Transvaal 

22 

31 

Cbma 

2t 

64 

Tripoh 



3 

Cyprus 

3 

1 


4 

6 


1 


Zanzibar 

1 


Hongkong 

7 

3 

America (North): 



India 

J22 

85 


131 

323 

Indo-Clnna 

5 

4 

Central America— . 



Japan 

»5 

155 

British Honduras 

G 

6 

Korea 

2 

8 


11 

10 


1 


Guatemala 

10 

6 

Malasia— 



Honduras 

0 

6 

Java 

17 

IS 

Nicaragua.. 

4 

10 

Philippine Islands. . . 

3 

1 


1 

10 


2 

1 


11 

10 



2 


1 


Siam 

3 

4 


4S 

70 

Straits Settlements 

14 

8 

Nervioimdlaiid 

7 

3 

Australasia: 



West Indies— 



New South Wales 

50 

59 


3 

1 

New Zealand 

45 

62 


4 

1 


30 

22 

Barbados 

7 

9 

South .\nstralia 

25 

24 

Bermudas 

2 

6 

Tnsniau;a 

19 

11 


20 

u 

\ lol'oi ia 

i 65 

61 


1 


WcaiSin Australia 

23 

l£ 


1 


Europe; 




2 


Austria-Hungary 

293 

424 


10 

9 

Belgium... 

153 

lit 

8t. Chnstophei 

1 


Bulgarin 

10 

C 


85360°— SM 1912—6 



TaUe shomng the mmier of institutions md, individuals in foreign countries 
to ioMch paclcages were transmitted through the Intgrnational Bx'change 
Service during the first sijs months of the fiscal gear J9J2— Continuea. 


Europe— Continued. 

Denmark 

Franco 

Germany. . 
Great Britain. . 

Greece 

Iceland 

Italy 

Luxemburg... . 

Malta 

Montenegro .. . 
Netherlands . . . 

Norway 

Portugal 

Roumania... . 


Organi- 

zatloiis. 

Individ- 

uals. 


Organic 

zations 

! Individ- 
j uals. 



Europe — Continued 


1 

51 

48 

Russia 

217 

2oB 

682 

702 

Servia 

10 

2 

967 

1,233 

Spain 


62 

1,012 

1, 794 

Sweden 

91 

127 

18 

17 

Switzeiland. . 

4S 

154 

7 

5 

Turkey 

20 

28 

360 

312 

Polynesia 



6 


Fiji Islands 

1 

1 

6 

1 

1 

Now Hebrides 

1 


IW 

139 

Total coircspondents. 



b2 

61 

July L 1911, to Jan 1 , 



36 

14 

1912 

.6,635 I 


24 

9 

1 

1 



Eespectfully submitted. 


B . 


VV. J.BUE, 

^issistsnf SccvetoTij in chcirr/e 

T\ aind Exchanges. 

Dr. Charles D. Walcott, 

Secretary of the Smithsonian Institution. 

' October 7 , 1912 . 



Appendix 4. 


REPOET ON THE NATIONAL ZOOLOGICAL PARK. 

Sir: I have the honor to submit herewith a report of the opera- 
tions of the National Zoological Park for the fiscal year ending 
June 30, 1912. 

The general appropriation made by Congress for the improvement 
and maintenance of the park during that year was $100,000. The 
cost of maintenance was $86,132, being materially increased over 
that of the previous year mainly because of the advance in prices 
of forage and other food supiilies, the expenditure for which 
amounted to $21,175. A few small increases were made in the com- 
pensation of employees, but nothing to correspond with the great 
increase in the cost of living which has occurred during recent years. 

ACCESSIONS. 

Among these the most important were 2 elephant seals and 4 north- 
ern fur seals from the United States Bureau of Fisheries, 8 white 
pelicans from Lieut. Col. L. M. Brett, acting superintendent of the 
Yellowstone National Park, and a pair of American tapirs, which, 
with certain other animals, were received in exchange, as noted below. 
The accessions included about 25 species not already represented in 
the collection. Mammals and birds born and hatched numbered 108, 
and included American tapir, yak, American bison, harnessed ante- 
lope, Barasingha deer, llama, mona monkey, hairy annadillo, wild 
turkey, and Florida cormorant. 

EXCHANGES. 

The most important accession from this source was a shipment re- 
ceived in November, 1911, from the Municipal Zoological Garden' at 
Buenos Aires, Argentine Republic, which comprised 23 animals and 
included a pair each of Brazilian tapirs, Patagonian cavies, and 
Chilean eagles, with other interesting mammals and birds. A sambar 
deer was received from the New York Zodogical Park, and a con- 
siderable number of specimens from dealers. 
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ANIMALS IN THE COLLECTION JUNE 30, 1012. 

MAMMALS. 


i'Z 


Grivet monkey (Geroopithecus sabceus)- 1 

Green, monkey ‘(.Gercopithc\cus caMi- 

iriahus) 1 

Mona monkey (Oercopxtliecui, niona) — 3 

Diana monkey (CercopitJiecus diana) — 2 

Sooty tnangabey {Geroocebus fuUyiiio- 

stfs) 2 

Bonnet monkey (Maoacus siiiiciis) 1 

Macaque monkey (MaBaous cpnomol- 

gua) 4 

Pig-tailcd monkey (Macaoiia iiejijcstji- 

iiaa) 4 

Bliesus monkey {Maoacus thcstia) 27 

Brown macaque {Macacus arctoulca) — 3 

Japanese monkey (Macacua fuscatus)- 3 

Pormosan rock-macaque (Uacaoua cy- 
clopia) 1 

Chacma [Paplo porcarius) 1 

Mandrill (Papio malmon) 4 

Wkite-throated capuchin monkey (C'e- 

baa liypoleucus) 1 

Brown monkey iOcbus fatucllus) 1 

Marmoset (.Rapale Jacch-ua) 1 

Ruffed lemur (Lemui milus) 2 

Ring-tailed lemur {Lemur caita) 1 

Polar bear IThalttrotos mantimua) 3 

European brotvTi bear (Ursus aictos) — 2 

Kadiak bear {Ursus mtddendoifji) 1 

Yakutat boar {Visiis dalh) 1 

Alaskan lu'own beat (JJraiia 

Hybrid beat (Unus Qtms-arcy^T- 

Kidder’h bear (Uniis-iidilen) - 2 

Himalayan bear {T'laua tlilbcfanita) 

Grizzty bear \Uia,is humbil’a) J 

Black bear (Ihncx hiubi n'unua) "^9 

Ginuamon bear (.brsns ni)i(i!C!«ni(.si- - 3 

Sloth boar (Afelarstts wainua ) 1 

Kinkajou (Ceicoleptes caudivohulus). 1 

, Caconiistle (Rassanscus ast'tta) 1 

Gray coatimundl (A'naua not tea) 3 

Raccoon (Piocyoii lotoi), 17 

American badger [Taxiica amcnoatm)- 3 

Common skunk [Meplutia incgilntwa) - 1 

Amnlcan marten (Mustela ainci icana) - 3 

I’lsber iMualcln pennanUi) 1 

Mink (Putoilua vieon) 5 

Common ferret (Putorius putoilus) 1 

Black-footed ferret (Putanus nigii- 

pes) 2 

North American otter (Ltttra oanaden- 

, aia) 5 

Eskimo dog [Gama famzharis) 2 

Dingo {Gama dingo) 2 

Gray wolf (Gams ocoidentalia) 4 

Black wolf (Cams occiientalia) 1 

Coyote (Cania latraiis) 4 

Wooaboui5B’a coyote (Gams fiustror) 3 

Crab-eating dog (Cams canomoiua) 1 

Red fox (Vulpea pciinai/lvamciis) 4 

Swift fos (Vulpea pelox) 2 

’Arctic fox (Vulpea lagopua) 2 

Giay fox (Vtocyon cUiei eo-argentcus) - 5 

Striped hyena (Hymna striata) 1 


Afilcan palm civet (Vtoerra civetta) 

Common genet (Oeneita genetia) 

Sudan lion (Felis loo) 

Kilimanjaro lion (Pelts loo sabakien- 

sxa 

Tiger (Felis tigris) 

Cougar (Pelts orepoaeitsts hxppoleatca) ~ 

Jaguar (Fells onoa) 

Mexican jaguar (Polis onoa golrlmani) - 

Leopard (Pelia pardua) 

Black leopard (Pelts pardua) 

Serval (Pelts aei oal) 

Ocelot (Polls patdalls) 

Canada lynx (Lynx cimadenais) 

Bay lynx (Lym rufus) 

Spotted lynx (Lynw rufus texensia) 

Florida lynx (Lynx lufws fioridanua). 
Steller’s sea lion (Bumetopias atelleii)^ 
California sea lion {Zaloplius oaliforni- 

anus) 

Northern fur seal (Callotaria alasoana)- 

Harbor seal (Phoca vilulina) 

Pox squirrel (Solui us nvjer) - ^ 

Western fox squirrel (Ron 'JJudo- 

Giay squirrel (idrtams caiohitrnats)^- 
Black sqiiliii-’l (PrijiLv-ti oaiohnemis)- 
Aibiiio sfiijiwi«i'TS/ol«j !(s carohnensis) - 

Panama J^lrrcl 

Piairle^og (Gyomys ludovicianus) — 

^ buck (Aiotamys monax) 

'^Albino woodchuck (drofoinys moiiax}- 

Elack woodchuck (Arotomys monax) 

Alpine marmot (Ardomya marmot ta) - 
American heaver (Oaatoi canadensis) ^ 

Coypu (Myocostor oo/;pMs) 

Hutia-conga (Gapromys pilondcs) 

Indian porcupine (Hysirisc leucura) 

Mexican agouti {Lasyprocta mexi- 

cana) 

Azara's agouti (Dasyproota asarw) 

Crested agouti (Lasyprocta crlstata)- 
Halry-rumpcd agouti (Dasypi octa 

prymnoloplia) 

I’aca {Gfslogenys paca) 

Guinea pig (Cavia cutleri) 

Patagonian cavy (Dohehotis pata- 

gonica) 

Domestic rabbit (Lepua cunioulus) 

Cape hyrax (Procavia capenats) 

Indian elephant (Blepbas maxinma) 

Brazilian tapir (Taphus ameticanus) - 

Grevy’s zebia (Sejuus grevyi) 

Zebra-donkey hybrid (E quits grevyi- 

asinus) 

Grant’s zebra (Bquua burclielh granti)^ 
Collared peccary iDicotgles angu- 

latus) 

Wild boar (Sus scrofa] 

Northern watt hog (PhacoalKsrua afri- 

oanus) 

Hippopotamus (Etppapotamus am- 
pliibius) 


1 

2 

2 

5 

1 

1 

1 

1 

2 

1 

1 

1 

1 

5 

2 

1 

1 

2 

fj 

u 

0 

8 

40 

20 

1 

1 

25 

7 

X 

1 

3 


o 

2 

o 


1 

2 

2 

4 

IS 

3 
37 

1 

1 

4 
1 

1 

1 

6 

2 

2 

1 
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Animals m ilie collection June 30, 1912 — Continued. 

MAMMALS— Contmupd. 


Guanaco (Lmia Jitisnaolms) 3 

Llama (Lama glama) 8 

Alpaca (Lama, paces) 2 

Vicugna (Lama, ueugna) 2 

Bactrian camel (Oamelus hactuanus)- 3 

Muntjac (Gervulus muntjac) 1 

Sambar deer (Oeriua aiistotelia) 2 

Philippine deer (Gerviis phihpptnus) — 1 

Hog deer (Cervus poioinus) 6 

Barasingha deer (OeriHS diivaucehi) — 10 

Asia deer (Get ms amis) 6 

Japanese deer (Genus sila) 10 

Red deer (Gervus elaphus) C 

American elk (Genus canadensis) 7 

Fallow deer (Cmvus dama) 6 

Reindeer (Rangifer tarandus) 1 

Virginia deer (Odocmleus pirginianus) - 9 

Mule deer (Odocmleus licuiionus) 1 

Columbian black-tailed deer (Odocm- 

leus coltimMamis) 1 

Cuban deer ( Odocoileus sp ) 1 

Prong -horn antelope (Antilocapni 

amerirann) 1 

Cukc'ft liariebcv^t (Uiibahs colcei) 2 

P.oniebok (IliiiiuiiH'-M!, pygargus) 1 

Bleasliob iDuiuaiisras albifrons). 1 

W Iilte-tailed gnu (GoanocTiates gnu) 1 

Dpf.mi.i watvir buck (Colme defassa) t 


Indian antelope (Antilope eenicapra) - 3 

Nilgai (Boselaphus tragocamelus) 2 

Congo harnessed antelope (TragelapTius 

giatus) 2 

Bast African eland (Oreas canna pat- 

tei sonianus) 1 

Chamois (jRapmopra tiagus) 2 

Tahr (Heimtragus jemlaious) 7 

Common goat (Gapra Inrciis) 8 

Angora goat (Capm hiraus) 5 


Earbary sheep (0 ms tragelapUus) 12 

Barbados sheep (0ns aries-tiagela- 

phua) 13 

Anoa (Anoa depressicornis) 1 

East African buffalo (Buffelus neu- 

inaiim) 1 

Zebu (Bihos indiciis) 3 

Yak (Poephagus grunnlens) 3 

American bison (Bison ameiicanus) 14 

Hairy armadillo (Dasypus tillosua) 3 

Wallaroo (Macropus rolmstus) 2 

Bennett’s wallaby (Macropiis rupcojhs 

beimetti) 1 

Virginia opossum (Didelphys ntarsu- 

piali's) 2 

Common wombat (Phascolomys rniicli- 
elU) 1 


BIRDS, 


European blackbird (Merula meiula) 1 

Brown tbrasber (Towostoma rufum)-- 1 

Japanese robin (Ijiothnx Inteus) 12 

White-cheeked bulbul (Pi/cnonotus leu- 

cogenys) 5 

Black bulbul (Pyononotus pygwus) 3 

Laughing thrush (Oairulax Jcuco 

tophus) 2 

Bishop finch (Tanagta episcopus) 4 

Orange-checked wasbill (Estielda mel- 

poda) 6 

Aniaduvade llneh (Estreldaamandaia) ^ 4 

Cordon-hleu (Estrelda plimniootis) 8 

Alagpie finch (Spci mestea fnnglUoidcs) .. lO 
Cuc-tliioat imcli (.Urodina fnsciafa)^ 11 

Kebrp iiiicli (.liiKidiiui vasTiinotisi 4 

Bl.rck-hcadrd Jiiicli I'.b'iciiin ai> iciipillti) - 11 

Three-colored finch (Muiiia malacea) 7 

Wiifte-hCaded finch (Muma maja) 9 

Nutmeg finch (Munla punotulaiHa) 6 

Java sparrow (ifiiiua orygivora) 14 

White Ja"^n '•pn rrovr (Viiriift ii oi a)- 15 

Ohestnut - brea-^red liiich (Jlonai-ola 

oastaueotlwiax) 10 

Parson finch (Pocphila cinota) 1 

Lady Gould’s finch (Poephila gouldiw) _ 1 

Bearded finch (Spennophila sp ) 2 

Napoleon weaver (Pyi oinelaiia afra) 4 

Madagascar weaver (Foiidui madagas- 

cainensis) 8 

Red-billed weaver (Quolea giielea) 8 

Whydali weaver (Tidua paradisea) 16 

Painted bunting’ (Passeriiio cine) 1 


Red-crested cardinal (Pai’ooria cueul- 

lata) 10 

Common cardinal iGardinalls cardt- 

iialis) 1 

Siskin (Spinus spiniis) 8 

European goldfinch (Oarduelis elegans) - 3 

Yellow hammer (Emhei ixa citi Lnella) _ 1 

Common canary (SeHnua canantis) 15. 

Linnet (Linota oamiabina) 4 

Bullfinch (Pyrrhula europwa) 10 

Hooded oriole (Icterus oucullaius) 3 

Cowbltd (Uolotht ua aier) 1 

Glossy starling (Lamprotornis cau- 

’datus) 1 

Huropean raven (Ooi u«s com®) 1 

American raven (Oorvus coiax sinua- 

iua) i 

Common crow (Oorvus achyrliyn- 

all os) 2 

Green Jay (Yanthoura liixuosa) 1 

White-throated jay (Gomdus Zeuciotis) _ 2 

Blue Jay (Gyanoeitta ciistuta) 3 

American magpie (Pioa. pica Jiud- 

sonica) 1 

Red bi’dLd magp'e ^^<ocl>^'(f ccctj”- 

tuhs) 2 

Piping crow (Gymnorhina tibicen) 2 

Y'ellow tyrant (Pitangus derbiamts) - 2 

Giant kingfisher (Dacelo gigas) 1 


Ycllow-bi-oiislcd toucan (Ramphastus 

onriiictus) 3 

Sulphur-crested cockatoo (Cacatiia. gal- 
ei Ita) 


3 



Animalft in the oolleotion June 30, 1912 — Coutmued. 

BIEDS — Contlnuecl 


White cockatoo {Cueatua alha) 6 

Leatlbeater's cockatoo {Caoatua lead- 

'beaten ) 1 

Bare-eyed cociia.tQo{Cacatua gymnopm)- 2 

Roseate cockatoo (Cacatua roseica- 

pilla] 3 

Gang-gang cockatoo {Oallocephalon 

oaleatum) 1 

Yellow and blue macaw (Aia araiau- 

nca) 2 

Red and yellow and bine macaw (jlru 

niacao) 3 

Red and blue macaw {J./a cblorop- 

teia) 3 

Great green macaw lira niiltiaii'i) 1 

Kea (IVesto? iioiabtUa) 1 

Mexican conuie {Oonuruslioloahlot us)- 1 

Carolina paroquet (Cotiwopsis caiv- 

Uneusis) 2 

Cuban parrot {Amasonaleucoccpliala)- 2 

Orange-wmged amazon (Ama-iona aina- 

sonioa) o 

Porto Rican amazon (Amaxona i,it- 
tata) 1 


Yollow-sboiildered amazon (Ama^ona 

ncJiioptera) 

Yellow-fronted amazon iAtiiu:ona ocJi- 

rocepluila) 

Yellow-headed amazon (dnia-oHn IciaiZ 


luftii) i 1 j 

Bliu-f I oiiicd .ni',i''oii f <r,i 

tUn) 1 I 

la-ia parro^ fCo, (rr<p<,..u uigui)- 2 
Banded parrakeet (Palffiomta faseiata)- 4 
Rosella parrakeet (Plafpecicus cxiiiu- 

ills) 2 

Lovebird (Agapouiis jndlaria) 3 

Green pairakcet" (ioj icidiis sp ) 2 

Shell parrakeet (Melopsittaoua iindu- 

latus) 1 

Great horned owl (.Bubo mi cuinonus) - 12 
Arctic horned owl (Bubo 'btroiniamis 

subaroUcus) 1 

Screech owl (Otus asw) 2 

Barred owl (Strim vana) 2 

Sparrow hawk (Falco spaneiins) 2 

Bald eagle (Hahmetus leucocepTialiis) - 8 

Alaskan bald eagle (lialiaclus Icuco- 

ceplialus ulascantis) 1 

Golden eagle (Acjuila chrysacios) 1 

Short-tailed eagle (Teratliopius ecau- 

datils) 1 

Harpy eagle (Thrasactus harpyia) 1 

Chilian eagle (Geranoabtus melanojeu- 

e«s) 1 

Crowned hawk eagle (Spieahtus coro- 

nalus) 1 

Eed-tailed hawk (Butco borealis) 1 

Broad-winged hawk (Butco platyptc- 

rua) 1 

■Venezuelan hawk 1 

Caracara (Polybouis olienioay) 3 

Lammergeyer (Gypaeius barhatus) 1 


South American condor (Satcorliam- 

phuB gryphuB) 2 

California condor [Gymnogypa cahfor- 

manus) 3 

Griffon vulture (Gyps fulvits) 2 

Cinereous vulture (Viilim monaclms)- 2 
Egyptian vulture (Neophron perenop- 

tanis) 1 

Turkey vulture (CatJiartes aura) 5 

Black vulture (Oathansta urubt) 2 

Eing vulture (Gypagua papa) 2 

Ring dove (Golumba paliimbus) 14 

Snow pigeon (Golumba Icuconaia) 4 

Red-billed pigeon (Golumba flailros- 

tns) 4 

Mourning dove (Zonaidura maorom a) 8 

Peaceful dove (Geopeha ti angutlla) 2 

Cape dove (CEna capensis) 1 

Blood-brcnsted pigeon (Plilogcenaa lu- 

sonica) 4 

Victoria crowned pigeon (Gouta vic- 
toria) 1 

Purplish guan (Penelope pwrpiiras- 

cens) 1 

Crested curaasow (Oraoi alectoi) 2 

Mexican ourassow (Oram olobioera) 2 

Chapman’s curassow (Gi ax chapmum) - 1 

Daubonton’s curassow (Oraxt dauben- 

tani) 1 

■Wild turkey (Mcleagria gallopavo sll- 

vestris) 16 

Peafowl (Pare cristata) 60 

•Tungle fowl (Gallua banlzva) 1 

Reeves’s pheasant (Phastaiius iccicsi)- 1 

Golden pheasant (Thaumalca plota) 1 

Silver pheasant (Buplocamus nyathem- 

eiits) 1 

European quail (Ooiurniw communis)- 1 

Hungarian paitridge (Perdtai perdiw) 3 

Bobwhite (OoUnus vlrginanus) 5 

Mountain quail (Oreoityx plcta) 2 

Scaled quail (C^P-p x 
California qual '''.'i i 

Massena quail . f, . '• b,' 

Purple galllnule (Potphyiio carulea ) — 1 

Black-backed galllnule (Poipliytio mel- 

anotus) 2 

Martinique galllnule (loneirms mar- 

tmicus) 1 

American coot (Puliea amerioana) 11 

Flightless rail (Oei/rlromns australis)- 1 

Common cariama (Caiiutua ciisiaia] 1 

Demoiselle crane (.1 a/li/ o/joidc? i qoj - 9 

Crowned crane (B/Geaiica pavoiitiiut .. '2 

Sandhill crane (Oru/i memioaua) 2 

‘--t-a’-.-" (Gr"s (iiistialaslunai- 1 

i 'ic, a 1 ", 1 (Gnis cincira) 2 

Sants ci line (Gi us aatiooiic) 2 

Indian wblt'^nanefGMiS leucogirruus) - 2 

Thick-knee (CBdionemus grallanus) 1 

Ruff (Machetes pugnait) 4 

Black-crowned night heron (Mycttcoram 
nyoticoraas navtus) 122 
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Animals in the collection June SO, 1912 — Continued. 
BIRDS — Continued. 


Little blue beron (Flotida emulea) — 1 

Reddish egret (Diehromanassa lufes- 

cens) 3 

Snowy egret (Egretta oandidisswia) — 4 

Great white heron (Herodias egretta)- 1 

Great blue heron {Ardea, ho oclias) 3 

Great black-crowned heron {Ardea 

oocoi) 1 

Boat-bill (Oancroma ooohlearia) 2 

Bittern {Botanrus Icntiginosus) 1 

Black stork (Gioonia nigra) 1 

White stork (Oiconia ctcoma) 1 

Marabou stork (Leptoptilus dtthius) — 1 

Wood ibis {Mgcteria amcrioana) 2 

Sacred Ibis (ISis wthwpica) 4 

White ibis (ffimra fllbo) 22 

Roseate spoonbill lAjaja ajaja) 1 

European flamingo (Phtemcopicrus 

afitiquoi uni) 6 

Cic'-trd «civamet (Cltauna enstata) — 3 

Tiiliniictcr swan {Olor hucciiiator) 1 

Whistling swan (Oloi columhanus) 3 

Mute swan [Cggtius gibiiis) 2 

Black swan (Chenopts atiata) 2 

Muscovy duck (Cairliia moaaUata) 1 

White muscovy duck (Oahina mos- 

chata) 2 

Wandering tiee-duck {Deiidrocygiia 

arcuata) 7 

Fulvous tree-duck (Dendi ncygna hi- 

colcr) 2 

Egyptian goose iClienalopex wggptia- 

evs) 1 

Biant {Branta- beriiicla gjaiicogasfi a) - 1 

Canada goose (Branta canadensis ) — .3 

Hutchin's goose (Branta canadensis 
hutchinsh) 3 


Lesser snow goose (Chen hyperboreus) - 2 

Greater snow goose (Chen hyperboreus 

nivalis) 1 

American white-fronted goose (Anser 

albtfions gambeli) 4 

Chinese goose (Anser cygnoidcs) 3 

Red-headed duck (Mania ameiicana) - 1 

Wood duck (Aim sponsa) 8 

Mandarin duck (Dondioiiessa galeri- 

oulata) - 5 

Pintail (Daflla acuta) 4 

Shoveler duck (Spatula clypeata) 2 

Black duck (Anas rubrlpes) 1 

Mallard (Anas platyiliynclios) 1.3 

American white pelican (Pelecaiius 

erythrorhynchas) 10 

European white pelican (Pelecaiius 

onocrotahis) 1 

Roseate pelican (Pelecanus loseus) 1 

Brown pelican (Pelecanus ocoiden- 

talis) 5 

Black-backed gull (Lai us inaimus) 1 

Heriing gull (Lams argeniatus) 4 

American herring gull (Lotus argenta- 

tus sinithsonianus) 6 

Laughing gull (Larin at ‘ Eei . 3 

Florida cormorant (3 !'- '• ■ . c.i o. c ' , 

tus /landanus) 12 

Mexican cormorant (Phalacrocaiaco 

vigiia ineancctnus) 1 

Water turkey (Anlnnga aiihiiiga) 5 

Somali ostrich (Struthio molybdo- 

pJianes) 1 

Common cassowary (Casual ius gale- 

atus). 1 

Common rhea (Rhea airerienrn\ ... 3 

Emu (Dromteus novw id, a . . - 1 


REPTILES 


Alligator (Alligator niississippiensis) — 18 

Painted turtle (Ohrysemys pieta) 4 

Diamond-hack lerrapm (Malacoclemys 

paliistns) 1 

Three-toed hox-tortoise (Oistudo trluii- 

giiis) * 6 

Painted hox-tortolae (Cistudo ornata)- 4 

Gopher liirilc (Xiiobutrs polypliemns) - 1 

Duncan Island tortoise (Testudo ephip- 

piutii) . 2 

Albemarle Island tortoise (Testudo 

•i loiita) 1 

Alligator lizard (Scelopoiws undulaius) - 1 

Horned lizard (Phryiiosoma cornutiiiii) - 1 

Gila monster (Eclodcnna suspectum) - 5 

Glass snake / ; ei’trrl''’'' . . 1 

Anaconda ■ ' . a < > .' • , . . 2 

Common ’ .i i ■ P . . . 1 

Antillean a ■ • 1 

Cuban tree- ■ , ■ 8 

Spreading . e i- ■ .. ■ 

nus) 


Black snake (Zaments constrictor) 1 

Coach-whip snake (Zaments flagellum) - 1 

Corn snake (Coluber guttatus) 1 

Common chicken snake (Oolubar guad- 
iiilttatus) 2 


Gopher sniiko (Cni.ipsosoina cora,s 

coupciii) 

I'lne snake (Pityopliis mrlanolt nous) 

Bril snake (Pityopliia sayi) 

'J'exas chicken snake (Opluholus ealh- 


giiSler) 2 

King snake (Oplubnliis gcliiLis) 1 

i onimun garter .snake (Kiilatua si, lu- 
lls) 1 

Texas water snake (Eutmnia proximo)- 1 

Water moccasin (Anoistrodoii pisoi- 

vorus) 1 

Copperhead (Anoistrodoii cantor true)- 5 

Diamond lattlesnake (Crotalus ada- 

mantaus) 3 

Banded rattlesnake (Crotalus horri- 
dus) 


1 


1 


O rfW 



GISTS. 


The following persons presented animals to tlie park during the 
year; 

Miss Frances Gage Allison, New Bedford, Mass., a Diana monkey 

Mrs. J. B Ames, Winchester, Va., an albino squirrel. 

Mr. D. E. Anthony, jr., Washington, D. C., an alligator. 

Mr. Oscar B. Baynard, Washington, D. C., a black vulture. 

Mr. August Busek, Washington, D. 0., a Panama squirrel 

Maj. H. W. Carpenter, D. S M. C., ret., Berryville, Va., two Cuban parrots. 

Mr. J. E Eddy, Lnmedeer, Mont., a we.stern porcupine. 

Dr. Chas. W. Ely, Frederick, Md., a barred owl. 

Mr. W. H. Emery, jr., Washington, D O., an alligator. 

Mr. Victor J. Evans, Washington, D, C., two marmosettes. 

Mr. Wallace Evans, Oak Park, 111., a mink. 

Mr. Gale, Washington, D. C., a horned lizard. 

Mr. W. S. S Groh, Ashburn, Va., a common raccoon. 

Mr. John B. Henderson, jr., Washington, D. C., two common canaries, 

Mr, Holmes, Washington, D. 0., a common opossum. 

Mrs. Kenrolde, Washington, D. 0 , a woodchuck. 

Mr. W. P. Mattoon, Washington, D. 0., a “ glass snake.” 

Mr. P. A. Milligan, Washington, D. C., a common canary. 

Mr. Eussell H. Millward, New York City, a paca. 

Mr. J. L. Narvell, Port Deposit, Md., two copperhead snakes 
. Mr. 0. Schneider, Washington, D. C., two alligators 

Messra. D A. Smith & L. E. Deaton, Walhalla, S. C., a bittern. 

Mr. S. Stansbera, Baltnnore, Md , an alligator. 

Mr. P. B Travis. Ws'^hnigloii. D. C , a common rabbit 
- Master Horace IVadswortli. Wasbington, D. 0., a love bird. 

Mrs. L. P. Wadsworth, Washington, D. C., two alligators. 

Mr. George A \Vise, Washington, D. C., a woodchuck. 

Mr. Thomas Zipp, Baltimore, Md., seven copperhead snakes. 

United States Bureau of Fisheries, two elephant seals and four northern fnr 
seals. 

The Janitor, Balfour Apt., Washington, D. O., a sparrow hawk. 

Unknown donors, a barn owl and two alligators. 

LOSSES OP ANIMALS. 

The most important losses were a lion, wolverine, reindeer, and 
two northern fnr seals from enteritis; a pair of elephant seals 
and a far seal from pneumonia; four prong-horn antelopes from 
malignant catarrh of nose and throat, and an Alaskan brown 
hear and a springbok from tuberculosis. A female tiger was killed 
because of abnormal development of its shoulder. Quail disease 
was introduced through a shipment of birds from the West, but wag 
isolated so that very little loss was occasioned, Dead animals to the 
number of 199 .spechnens were transferred to the Kational Museum. 
Autopsies were made as formerly by the Pathological Division of 
the Bureau of Animal Industry, Department of Agriculture." 

^ The cause's of dearh were leportod lo be as follows - Unrcritis, 24; ca.sU-itte, 4; 
gastro-enteTitis, 0 ; ciitciTtirf £ 1*0111 round worms, 4 ; intestinal coccidlosiB, 4 f quail diBeasa, 
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STATEMENT OF THE COLLECTION. 

ACCESSIONS DURING THE YEAR. 


Preseniefl BO 

Received from Tellow.slone National Park 8 

Received in exchange 7B 

Lent 85 

Purchased 23-1 

Bom and hatched iu Katioiuil Zoological Park _ 108 


Total 510 

SUMMARY. 

Animals on hand July 1. 1911 1, 414 

Accessions dunng the year 510 


Total 1,924 

Deduct loss (by exchange, death, and returning of animals) 873 


On hand June 80, 1912 1, 551 


Class 

Species 

Indi- 

vidiiuls. 

Mammals 

350 

591 

Birds 

199 

S76 

Eeptiles 

32 

Si 

Total 

3S1 

1,551 


VISITORS. 

The number of visitors to the park during the year is estimated 
at 542,738, being a daily average of 1,487, The largest number in 
any one month ivas 95,485, in April, 1912, an average per day of 3jl83. 

During the year there visited the park 142 schools and classes, a 
total of 4,140 pupils, being a monthly average of 345. Besides those 
from the District of Columbia and neighboring Slates there -were 
classes from Vermont, Massachusetts, hTexv York, and Tennessee, 

IMPROVEMENTS. 

The amount remaining from the appropriation after providing for 
maintenance, vms used mainly for improvements of a permanent 
character. The most important of these, and one urgently needed, 

4; congestion of lung=i. 19; pnonmonT. 1.1; tuberculosis, 13; pulmonary edema, li; 
purulent inflammallou oi. Kings, 1. aspoi'gillubis, 2; abaoes.s, 5; malignant catarrh of 
nose and throat, 4; cniarih ot nosirils, 1; cougestlon of liver, 5; necrosis of liver, 2; 
cancer of tlio liver, 1 ; osteonialacm, 2 ; ni'cro'.i£ of tail, 1; pericarditis, 1; peritonitis, 1; 
septicemia, 3 ; pyemic absoriition, 3 ; hypertrophy of spleen, 1; Impaction of intestine. It 
tympanitic colic, I ; rupture of egg in oviduct, 1 ; .stomach worms, 1 ; .subcutaneous para- 
flttis,. 1; rabies, ir congelation, 2; starvation (.snakes), 0; no cause found, 0; accident 
(aghtlng, killed by wild animals, etc,}, 19. 
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was a fireproof building for the central heating plant. From this 
plant the animal houses and the workshop are heated, and as long 
as the boilers were housed in a flimsy, woden shed, part of which was 
used as a woodworking shop, there was serious risk of a disastrous 
fire. The new building is 4G feet by 56 feet, with walls of stone and 
concrete, and a roof of slate on concrete slabs, supported by steel 
roof framing. Two additional boilers were purchased and installed 
so that by using the boilers in alternation they may be cleaned and 
repaired whenever necessary without interrupting the operation of 
the plant. The storage vault for coal was enlarged, and a large con- 
crete storage tank built for supplying warmed water to the tanks for 
the hippopotamus, tapirs, and alligators. The cost of the house, 
boilers, and other improvements connected with them, was $5,850. 

The series of yards on the west side of the antelope house was en- 
larged during the year. Light steel bars replaced the wire of the 
former fence, and wherever suflicient space was available, a double 
fence of the same character was used instead of solid partitions. 

Adjoining the indoor quarters of the hippopotamus and the tapirs 
a yard 34 feet by 60 feet was constructed, in which was provided a 
good-sized bathing pool G feet deep. 

Outdoor cages were installed along the east side of the small 
mammal house, completing the cage equipment of that building. 

A number of inclosures for cattle, deer, and other animals were 
rebuilt during the year, and a substantial new shelter constructed for 
the zebus, vicugnas, and alpacas. 

Three small inclosures for semiaquatic animals were built near the 
otter and beaver yards, and a permanent walk constructed from that 
point to connect with the main walk to the west entrance. 

The machines in the workshops of the park have heretofore been 
operated by steam power. As electric power can now be had, ar- 
rangement is being made to equip for its use as rapidly as is jorao- 
tieable. Two motors were purchased near the close of the year, also 
a circular saw with combination bench. Considerable economy in 
labor w^ be effected by these changes. Work was also begun on a 
small house for the storage and preparation of food. 

The cost of these improvements was as follows ; 


House for central heating plant $5, S50 

Yarcls on west side of antelope house 1, ooo 

Yard for hippopotamus and tapirs 9.W 

Completing outdoor cages at small mammal house 525 

Inclosures and shelters for cattle, deer, etc SOO 

Small inclosures and walk in heaver valley 450 

Egiiipmeut for woi’kshops Gl.'? 

Beginning construction of food house 505 


Total 11,253 
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IMPORTANT NEEDS. 

New Inidge . — The log bx’idge that crosses the. creek on the main 
driveway m the lower part of the park has for some time shown signs 
of weakness. A careful examination, by the engineer of bridges of 
the District of Columbia, showed that several of the logs were in an 
advanced stage of decay and that the whole structure would soon be 
unsafe. It was therefore recommended to Congress that an appro- 
priation of $20,000 be made for a permanent structure. At the time 
of writing it is known that such an appropriation was made. The 
construction of the new bridge will therefore be part of the work 
for the coming year. 

Aviary . — In spite of all effort, s the fine collection of birds in the 
park is very far from adequately housed. The wooden building in 
wdiich the larger number are kept is too small, too low, in.samtary, 
and really unworthy of a national institution. It was built in the 
cheapest manner to meet an emergency and although considerable 
sums have been spent on it for repairs it is far from satisfactory. It 
is desired to build a suitable aviary in the western part of the park 
and to group about this the cages for the eagles, vultures, condors, 
and owls now scattered somewhat irregularly about the ground.?. It 
is believed that a suitable structure can be built for about $80,000. 

Hospital . — The statistics given above show that the animals are 
not exempt from diseases. Infective disorders are sometimes brought 
in by annuals that have been kept in insanitary conditions on ship- 
board or in the collections of dealers. Even with the utmost care 
pathological conditions are likely to arise due to changes of habit 
due to captivity. Animals brought to the park from any place not 
known to be sanitary and free from disease should be properly 
quarantined. Sick animals should also be isolated, both on their 
own account and to prevent the spread of disease. This has been 
done imperfectly, in the only way possible, by keeping them in ex- 
posed cages back of the stable and excluding the public. A small 
building to serve as quarantine and hospital is urgently needed. 

Public comfort house . — ^There is at present no satisfactory pro- 
vision for the comfort of visitors who come to spend some time in 
viewing the collection. The park is located at a long distance from 
any available restaurant, there is no suitable place where women or 
children can rest, or be quiet if fatigued, or taken suddenly ill. This 
offers an unpleasant contrast to the arrangements usually seen in 
other zoological gardens. It is desired to construct a permanent 
building in a central locality to serve as a rest house and refectory. 

New paddocks . — The deer and other ruminant animals confined 
near the western entrance to the park have worn the ground so much 
by the constant attrition of their hoofs that their paddocks are almost 
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wholly bare of vegetation and the soil is washing away under the 
influence of rains. These animals must soon be removed to a new 
location. 

Alterations of area , — Very soon after the inception of the park 
endeavors were made to have its boundaries changed to conform to 
the plan of the city. It must he remembered that this plan was not 
developed when the park was laid out. Consequently there are 
regions where the boundary does not reach existing streets and 
narrow strips of ground are left which, if occupied, make the rear of 
hou.ses abut upon the park, presenting an unsightly appearance. 
This has gone on until on the eastern side private houses have been 
built that seem to he about to slide down a steep cliiF into the park. 
The value of the adjoining property has materially enhanced. 

The western side is greatly in need of improvement. The ideal 
plan would be to extend the park to Connecticut Avenue, which is a 
fine, broad street, and make the principal entrance there, with gate- 
ways befitting a national institution. If this be found to involve 
too great an expenditure, the area should at least be made to reach 
to some contiguous road, either now existing or to be hereafter 
established. 

Retaining viall . — The extension of a street a shoit distance from 
the southern boundary of the park has made necessary an extensive 
fill of earth across the ravine where Ontario Eoad reaches the park 
boundary. This fill is encroaching more and more upon the park, 
and after every heavy rain tons of earth are precipitated down this 
ravine and into the creek. There seems to be no remedy for this 
hut the construction of a .suitable retaining wall or walls forming a 
series of terraces. 

Riprafplng hanl's of Rogh Oreek . — The heavy volume of water 
that rushes down the creek at every storm erodes the banks, under- 
mines large trees, and in some places threatens the roadways. • It is 
desirable to avoid this by riprapping with stones of sufficient size to 
withstand the action of the water. Such work can be effectually 
concealed by planting twigs and small plants in the interstices. 

Foothiidge, heloie loiver ford . — As the city is rapidly increasing to 
the westward of the park, more and more people enter from Cathe- 
dral Avenue. There is a well-made road from this entrance to the 
ford through the creek, practicable during low water for carriages. 
Foot pas.sengors are, however, placed at a disadvantage, as in order 
to reach the animal houses they are obliged to scramble along a pre- 
cipitous pathway, used at present mainly by workmen, before they 
can get to the properly improved roads. At a slight expense a foot- 
bridge could be made below the lower ford which would enable vis- 
itors to reach at once the main roads of the park. 

Additions to the collection . — ^IVithont attempting to exhibit those 
animals that are valuable merely because of their variety, it wofild ' 
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seem that a national collection should at least show those that are 
common objects of interest, such as the giraffe, the dromedary, the 
rhinoceros, the African elephant, the various mountain goats, includ- 
ing the indigenous species and others. The high price of these ani- 
mals has made their acquisition prohibitive in the past, but it is 
hoped their purchase may be made possible in the future. 

Eespectfully submitted. 

Frank Baker, Superintendent, 

Dr. Chaeiuss D. Walcott, 

Secretary of the Smithsonian Institution. 



Appendix 5. 

EEPORT THE ASTROPHA^SICAL OBSERVATORY. 


Sir : I have the honor to present the following report on the oper- 
ations of the Smithsonian Astrophj^sical Observatory for the year / 
ending June 30, 1912 ; / 

EQUIPMENT 

The equipment of the observatory is as follows : 

Ca) At Washington there is an iiiclosiire of about 16,000 sir^ 
feet, containing five small frame buildings used for observinj; - 
computing purposes, three movable frame shelters covering 
out-of-door pieces of apparatus, and also one small brick bu„n- ^ 
containing a, storage battery and electrical distribution apparu' ® 

(&) At Mount Wilson, Cabfornia, upon a leased plat of 
100 feet square in horizontal projection are located a one-.ly.^^ 
cement observing structure, designed especially for solar-constant 
naeasureinents, and also a little frame cottage, 21 feet by 25 feet, for 
observer’s quarters. 

There were no important additions to the instrument equipment 
of the observatory during the year. 

In 1909 the Smithsonian Institution, at the expense of the Hodg- 
kins fund, erected on the summit of Mount Whitney, California 
(height 11,502 feet), a stone and steel house to slielter observers 
who might apply to the Institution for the use of the house to pro- 
mote investigations in any branch of science. While this structure 
is not the actual property of the Astrophysieal Observatory, it 
affords an excellent opportunity for observations in connection with 
those taken on Mount Wilson. 

WOEK OP THE YEHlR. 

1. ON THE V-miABILITy OP THE SUN 

Congress having provided funds, an expedition imder the im- 
mediate charge of the Director proceeded in July to Bassour, Algeria, 
to make there a long series of solar- constant observations simultane- 
ously with similar observations made by Assistant Aldrich on Mount 
Wilson. The Algerian expedition included Mr. and Mrs. Abbot and 
Prof, F. P. Brackett, of Pomona College, California. The apparatus 
carried was the same used by Mr. Abbot on Mount Whitney in 1909 

, , 82 
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and 1910. Station was reached on July 31, 1911, but owing to a most 
unfortunate miscarriage of a box of apparatus, observations could 
not be commenced until August 26, and several more days were re- 
quired to get the whole outfit working satisfactorily. The weather 
of August was excellent at both Mount Wilson and Bassour, but in 
the subsequent months the good days at one station frequently coin- 
cided with bad ones at the other. Hence, although if days of solar- 
constant observations were secured at Bassour up to JSTovember 17, 
when the camp was broken up, and a still greater number were 
secured at Mount Wilson, only 29 of these coincided. 

In spite of the loss of August and the unfavorable weather of sub- 
sequent months, the results thus far reduced strongly confirm the 
supposed variability of the sun. For example, the first, half of 
September yielded the following results : 


Sola r-constan t r« lucfi 


Mount W ilson 
Bassour. ., 

B.-W 



.Aug 29. 

Aug 30 

Aug. 31 

Sopt 1. 

Sept 2 

Sept. 3 

Sept 4 

Sept 5 

Sept C 

Sept. 7. 

Hpiint 'VViIsQU 

1 913 

1 890 

1 912 



1 894 

1 872 

1 866 

1 935 

1 904 

Bassour 

1 976 

1 052 

1 945 

1 030 

1 9.13 

1 906 

1 90S 



1 916 

B.-AV 

.063 

062 

033 



972 

033 



013 









Sopl S 


1 960 


Sopt 9 


1 915 

2 015 


070 


Sept. 10 


1 872 
1 SCO 


- 012 


Sopt 11 


1 S65 


Sept. 13 


1 805 
1 90.5 


010 


Sopt 13. 


1 895 


Sept 14 


1 SS5 


Sept 1.1 


1 807 
1 PS5 


OIS 


Sopt 10. 


1 890 


From these results appear : 

(A) The solar-constant results obtained at Bassour arc on the 
average 2 per cent higher than those obtained for the same days on 
Mount Wilson. Beferring to former reports, the solar-constant re- 
sults obtained at Washington and at Mount "Whitney Averc also con- 
sistently higher than those obtained at Mount Wilson, and by about 
the same amount as just given. Hence, we seem justified in consider- 
ing that there is a condition tending to low results preAuiling at 
Mount Wilson. This may very probably be the increase of haziness 
there at high sun, due to increased humidity. In view of the uniform 
testimony of the three other stations, it seems proper to conclude that 
Mount Wilson solar constant values are generally too small. 

(B) High solar constant 'Dalues at Bassour correspond 'with high 
solar constant values at Mount Wilson, and vice versa. This relation 
is shoAvn in both the accompanying diagrams. Figure 1 is a plot of 
the successive solar-constant values at the two stations for the days 
mentioned. Figure 2 shows the same values plotted in a manner to 



better esliibit the comparison. The vertical scale (fig. 2) represents 
Mount Wilson values and the horizontal scale Bassonr values of the 
solar constant for each day -when satisfactory observations were se- 
cured at both stations. If the values observed were without error, 
it is obvious that for each day they would have been identical at the 
two stations. Hence, if the solar radiation had values of 1.90, 1.95, 
and 3 calories on three different days, they should have been repre- 
sented by points at the lower left corner, the center, and the upper 
right corner of our diagram, if observed at both stations without 



Fig 1. — Successive solar constant values, Eassour and Mount Wilson. 

error. In general all values of the solar constant would fall on the 
line A B of the figure if the measurements were without error. But 
we have found the Mount Wilson values consistently lower by 2 per 
cent. If we admit a constant systematic error of this magnitude, 
but still deny all accidental error of measurement, then all observa- 
tions should fall on the line 0 D of our diagram. They must all lie 
at a .single point of G D if the solar radiation is constant, but may 
fall anywhere upon that line if the solar radiation is variable. In 
practice it is of course never possible to avoid accidental errors of 
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measurement. Hence, we must expect that all values shall cluster 
about a point on C D if the sun is constant, but shall cluster about 
CD as an axis if the sun is variable. The latter condition is evi- 
dently the fact. Assuming the mean point of C D as a center, the 
average deviation from it is proportional to 8. Assuming the line 
C r> as an axis, the average deviation from it is proportional to 3. 
Thus the observations are represented 8/3 times better by assunring 
that the sun’s radiation is variable than by assuming it constant. 



HHIB 

■■■■iSaan 




aaaa a aa aa a 

BBaaaaaaai 


BBaaaBi 



f\ C 1,30 Cfft-oiiies 2.00 

Bis. 2. — Simultaneous solar constant determinations. Bassour and Mount Wilson. 

The average deviation of the values from the line C D is 0.021 
calories. Hence we may conclude that simultaneous solar-constant 
measurements at Bassour and at Mount Wilson, while differing by a 
constant factor of 2 per cent, exhibit accidental errors of only 1.2 per 
cent due to variability of the sky, errors of observing, and the like, 
Dividing by the square root of 2, we find that the average accidental 
error of a single solar-constant determination at one station is 9.9 per 
cent. When one considers the multiplicity of the sources of error in 
this complex investigation, and that the result just announced de- 
pends on the uniformity of the sky during several hours, as well as 

85360°-— 6M 1912 7 
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on, the ordinary vicissitudes of all experimental work, the smallness 
of this accidental error seems remarkable. 

Expeditionfi of 1912. — ^^Vliile the simultaneous observations made ■ 
in 1911 at Bassour and Mount Wilson seemed justly interpretable as 
confirming the variability of the sun, yet it was felt that a result of 
such uncommon interest ought to be put bejmnd the smalle.st war- 
rantable doubt. Accordingly, in May, 1912, Mr. and Mrs. Abbot 
again returned to Bassour, where they were joined on May 20 by Mr. 
Anders Knutson Angstrom, as temporary assistant. Observations 
were begun on June 2. Observations on Mount Wilson had already 
been begun bj^ Mr. Fowle in April. June yielded 17 days of meas- 
urement at Bassour and 25 days on Mount Wilson. It is expected 
that the two expeditions will continue observing until about Septem- , 
ber 10, 1912. There can hardly be any question that this work, com- 
bined with that of 1911, will thoroughly prove or disprove the exist- • 
ence of the suspected short -period variations of the sun. 

2. ON THE DISSEMIN,4.TI0N OF STANDARDS OF PYRHBLIOMBTRX. 

The Smithsonian Institution having undertaken to furnish silver 
dislc pyrheliometers at cost when useful solar researches seemed likely^ , 
to be promoted thereby, the assembling of the completed instrmnent^j^.'T! 
their standardization, and their ^lacking for shipment have been done 
at the Astrophysical Observatory. During the past year about 10 
such instruments have been prepared and sent out, mostly to foreign 
governmental meteorological services. When returning from Al- 
geria Mr. Abbot compared silver disk pyrheliometer A. P. O. No. . 
IS at Naples and Potsdam with similar instruments furnished by 
the Institution. In neither case was there found any change of read- 
ings of the instnmients compared. It was hoped to make compari- . 
sons also at London and Paris, but the weather prevented. 

3. ON THE ABSORPTION OF RADIATION BY ATMOSPHERIC WATER VAPOR. 

Ml'. Foivle has continued the research on the absorption of radia- 
tion by water vapor, and has devised and published ^ a method for 
determining spectroscopically the total quantity of water vapor in- 
cluded between the observer and the sun. The method is based on 
spectrobolometric observations made with the long absorption tube 
mentioned in the last two reports, and is applicable to all bolometric 
observations of the sun’s infra-red spectrum. It seems probably to 
be accurate to within 1 or 2 per cent. Heretofore there has been no 
method of estimating atmospheric water vapor excepting from ob- 
servations^ of the humidity prevailing at the surface of the earth 
or near kites, balloons, and mountains. From such psychrometric 


^Astrophysical Journal, vol. 35, 1912, p. 149. 
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observations made at different levels general formulee for the aver- 
age humidity of the atmosphere have been derived. Mr. Fowle finds, 
however, that these formulte, while representing average conditions, 
are often widely astray on individual days. He is preparing further 
data from Washington, Mount Wilson, Mount Whitney, and Bassour 
spectrobolometric work, to promote a more complete study of atmos- 
pheric humidity. 

This investigation has yielded a valuable application for solar- 
constant work, for Mr. Fowle has found a way to very greatly 
shorten the work of correcting for water- vapor absorption in reduc- 
ing the holographic obseiwations. This will diminish by about one- 
fifth the labor of reducing the solar-constant work, and at the same 
time will yield results of slightly greater accuracy than before. 

Atmospheric water-vapor absorption work has been confined to 
the upper infra-red spectrum bands this year. A vacuum bolometer 
is in preparation, by means of which a considerable gain in sensi- 
tiveness of the apparatus is hoped for. This will greatly promote 
the value of the work at very great wave lengths, and accordingly 
this part of the work has beeii allowed to await the introduction of 
the vacuum bolometer. 


PEESONNBL. 

Prof. F. P. Brackett served as temporary bolometric assistant to 
the Algerian expedition of 1911. 

Mr. iknders Knutson Angstrom served as temporary bolometric 
assistant to the Algerian expedition of 1912. 

Miss F. E, ITrisby was appointed temporary computer, February 
12, 1912. 

Minor Clerk M. Segal resigned March 1, 1912. 

F. E,. Carrington was appointed messenger boy on March 23, 1912. 

SUMMARY. 

The year has been notable for expeditions to Algeria and Cali- 
fornia to test the supposed variability of the sun by making simul- 
taneously at these two widely separated stations spectrobolometric 
determinations of the solar constant- of radiation. The measure- 
ments in Algeria agree with earlier ones at Washington and klount 
Whitney and indicate that Mount Wilson values are systematically 
a little low. Apart from this systematic error the average acci- 
dental differences between Algerian and Mount Wilson determina- 
tions were only 1.2 per cent, indicating an average accidental error of 
a single solar-constant determination at one station of only 0.9 percent. 
So far as yet reduced, MgK solar-constant values obtained in Algeria 
coiwAde with high values at Mount WUson and viee v&rsa, A solar 
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variation of 4 per cent was indicated at both, stations in the first 
half of September, 1911. Many values remain to be computed, but 
it can now hardly be doubted that the outcome will prove conclu- 
sively the irregular short-period variability of the sun. 

N'umerous copies of the silver disk pyrheliometer have been stand- 
ardized and sent out, mainly to foreign governmental meteorological 
services. 

Valuable results have been secured in the research on the trans- 
mission of radiation through atmospheric water vapor. An accurate 
method of estimating the total water-vapor contents of the atmos- 
phere between the observer and the sun has been devised by Mr. 
Fowle. 

Respectfully submitted. 

C. Gr. Abbot, 

Director^ Astro physical Observatory. 

Dr. C. D. Walcott, 

Secretary of the Smithsonian Institution, 



Appendix 6. 

REPORT ON THE LIBRARY. 

SiE : I Lave the honor to present the following report on the Avork 
of the Library of the Smithsonian Institution during the fiscal year 
ending June 30, 1912 : 

As no general account of the library has appeared in the publica- 
tions of the Institution for the last 16 years, it seems desirable to 
give a brief summary of its history in this place. 

The formation of a library was included among the objects of the 
Institution in the act of Congress approved August 6, 1846, by which 
it was established. The character of this library was specified in the 
program of organization presented to the Board of Regents by Sec- 
retary Henry on December 8, 1847, and approved by them, in the 
following terms : 

To carry out tlie plan before described, a library will be required, first, of a 
complete colVr-lion of tbe transactions and proceedings of all tbe learned socie- 
ties in the world ; second, of the more important current periodical publications 
and other works necessary in preparing the pei’iodical reports. 

With reference to the collection of books other than tkose mentioned above, 
catalogues of all the different libraries in the United States should be pro- 
cured, in order that the valuable books first pnrcbased may be such as are not 
to be found in the United States. 

Also catalogues of memoirs, and of books in foreign libraries, and other 
materials should be collected for rendering the Institution a center of bihlio- 
graphical knowledge, whence the student may be directed to any work which he 
may require. 

In 1847 Prof. Charles C. Jewett was appointed librarian, and after 
some little delay began collecting books in accordance with the plan 
just cited. As a result of hi.s actmties the Smithsonian Library in 
1852 comprised 32,000 volumes. A portion of them was obtained by 
purchase and others by the exchange of the publications of the 
Institution for those of learned societies and similar organizations 
ill the United States and in Europe. 

The expense of maintaining the library soon became a serious 
drain on the limited resources of the Institution, and in 1864 the 
Board of Regents, on the recommendation of Secretary Henry, re- 
quested Congress to authorize its deposit in the Library of Congress. 
An act to this effect was passed in 1866, and, in accordance with its 
provisions, the Smithsonian library was transferred the same year to 
the new fireproof rooms in the Capitol which had been prepared at 


89 



90 , ASrartTAL EEPOET SMITHSONIAW mSTITUa'IOK, 1912. 

that time for tlie better accommodation of the Library of Congress. 
The Smithsonian Library then contained about 40,000 volumes. Its 
transfer from the Smithsonian building in nowise checked its growth. 
It increased in extent with every succeeding year, and in 1895 the 
record entries had reached 314,500, including books, pamphlets, peri- 
odicals and parts of periodicals, and maps, exclusive of certain small 
special collections not incorporated in the “ Smithsonian deposit.” 
The Institution at that time currently received more than 3,045 sepa-' 
rate publications of learned societies, periodicals, and magazines, of 
which 1,565 related to pure science, 704 to apj)lied science, and 776 
to art, literature, trade, and a variety of other subjects. The small ^ 
special collections mentioned above, known as the secretary’s library^ 
the office library, the library of the Astrophysical Observatory, th® 
library of the National Zoological Park, the employees’ library, th^ 
Exchange Service collection, and the law reference library aggre- 
gated about 10,000 publications in 1896, 

In 1897 the Smithsonian library was transferred with the Library 
of CongTess to the new building provided for the latter and placed 
in the east stack and in a large room adjoining the same. It was 
subsequently transferred to another room, which was specially 
equipped with metal bookcases. 

It is not possible to ascertain the exact number of books, pamphlets, 
and other publications contained in the Smithsonian library at the 
present time without maldng an actual enumeration of them, an 
operation which would be attended by many difficulties. It may be 
said, however, that at the close of the fiscal year 1912 the accession 
entries had reached a total for the contents of the library of 508,788, 
including books, pamphlets, periodicals and parts of periodicals, and 
maps and charts, exclusive of the small special collections already 
mentioned. 

While the Institution has acquired by donation or otherwise many 
rare. and valuable books and collections of books relating to other 
subjects than the sciences, the original program laid down by Secre- 
tary Henry has been closely followed, and the Smithsonian library 
deposited in the Library of Congress consists mainly of scientific 
periodicals and the transactions and proceedings of learned societies. 
With possibly one exception, it contains the most. important collec- 
tion of these classes of publications to he found anywhere in the 
world. 

The increase in the activities of the National Museum which fol- 
lowed the great influx of collections from the United States Fish 
Commission and from the Centennial Exhibition of 1876 and the 
erection of a separate Museum building made it imperative that 
large numbers of books on natural history, the arts, museum admin- 
istration, and other subjects should he permanently available for the 
scientific and administrative staff, ’for use in identifying and classi- 
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fying- collections and as a source of information regarding museum 
methods. This resulted in the establishment of the National Museum 
Library, "which had as its nucleus the collection presented by Secre- 
tary Baird. By small annual expenditures for the purchase of books, 
and by the exchange of the Museum publications, by donations, and 
otherwise, this library has accumulated about 42,000 volumes, TO, 000 
unbound pajDers, and a number of maps, charts, and manuscripts. 

A similar need in the Bureau of American Ethnology has led to the 
formation of a library relating to ethnology and archeology, and es- 
pecially to the North American Indians, which comprises about 
21,000 voluines. 

BTiile the Library of Congress has the custody of the “ Smithso- 
nian deposit,” the title of the library remains in tlie Institution. It 
continues to have free use of its books, and also enjoys the use of 
the books belonging to the library of Congress. Under the pro- 
visions of the act of Congress through which the Smithsonian Library 
was transferred to the Library of Congress, the Institution may with- 
draw the books upon reimbursement to the Treasury for the ex- 
penses incurred in binding and caring for them. 

As foreseen by Secretary Henry, this arrangement has both its 
advantages and its disadvantages. The Institution is relieved from 
the expense of maintaining a large library, and its books are safe- 
guarded and hopsed with other similar collections, whereby the wants 
of students and investigators in many lines of intellectual work are 
provided for in one place. 

On the other hand, the Institution has little within its own walls 
to show for its early expenditures for books, or for the great system 
of exchanges Avhich has been carried on for more than half a cen- 
tury. Furthermore, with the growth of the National Museum and 
other scientific branches, under the direction of the Institution, the 
desirability of having a large body of books immediately at hand 
becomes every year more apparent. This is especially true as regards 
books on natural sciences, and on the industrial and fine arts, a large 
number of which are constantly needed by the staff of the National 
Museum, as well as by the other scientific bureaus of the Government 
and by representatives of the great body of scientific students and 
investigators throughout the country who are attracted to Washing- 
ton by the collections of the Museum. 

In order that this need might be met as far as possible without im- 
pairing the arrangement with the Library of Congress, the Museiim 
has, as already mentioned, assembled a considerable library of its own, 
but it has been foimd desirable also to keep certain series belonging 
to the Smithsonian deposit at the Institution for longer periods than 
would be required for ordinary reference. The library of the Bureau - 
of American Ethnology is also housed in the Smithsonian Building, 
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and, in addition, the various small collections of_ books mentioned 
above, except that of the Zoological Park, which is kept in the park 
offices. 

To provide fireproof quarters for these and also for a portion of 
the National Museum Library, it was proposed last year to erect 
metal bookstacks in the main hall of the Smithsonian Building where 
they could all be brought together and economically administered- 
It is to be hoped that Congress will soon provide the moans for 
carrying this plan into effect. 

As regards the service of the library, the most unsatisfactory fea- 
ture at present is the delay in obtaining books, which frequently/ 
occurs, owing to the fact that, in accordance with the established 
routine, books are received from the Library of Congress only twice 
a day. It is not always possible for those who use the library to cite 
the exact date or serial number of volumes wanted for reference, and 
hence, through the fault of no one, wrong books are sometimes re- 
ceived. This causes additional delay and dissatisfaction. 

As is well known, the plan has recently been canvassed by the Grov- 
erament of connecting the several departments and bureaus by an 
underground pneumatic carrier large enough to take books of at least 
the usual sizes. A connection of this kind between the buildings of 
the Library of Congress, the Smithsonian Institution, and the 
tional Museum would be of great utility iu the service of the library 
and would remove the difficulties now existing as regards the delivery 
of books. 

The greatest defect in tke Smithsonian Library, and one which 
has existed for many years, if not from the beginning, is the lack 
of completeness of numerous sets of scientific serials. While this 
^condition is not at all peculiar to this library, it is a source of much 
vexation to those who use the books. Secretary Langley, when in 
charge of the library, devised a plan by which many gaps were filled, 
but others still remain. The Institution has never possessed funds 
sufficient to enable it to remedy the defects by purchase. Odd vol- 
umes of a series are not often obtainable, and to purchase the whole, 
or the greater part of a series, in order to obtain a particular volume, 
is an expensive procedure. Although a great deal of thought has 
been expended in attempts to devise a plan to overcome this diffi- 
culty, it has not led to any practical result so far as the Institution 
is concerned. Recently, however, the Library of Congress, through 
its greater resources, has succeeded in procuring many of the desired 
vohmies, and they have been placed in the gaps in the Smithsonian 
series. This liberal action in the interest of scientific study seems 
to constitute the only possible solution of the problem at present, 
although it 'would naturally be a source of greater satisfaction to the 
Institution if all the volumes in. the various series bore the Smith- 
sonian stamp. 
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ACCESSIONS. 

During the fiscal year corered by this report, 29,147 packages of 
publications were received by mail and 2,759 packages through the 
International Exchange Service, making a total of 31,900 packages. 
Some of these packages contained as many as 20 separate parts of 
periodicals or other serial publications. About 4,737 acknowledg- 
ments were made on the regular forms in addition to the letters 
which were written in acknowledgment of publications received in 
response to the requests of the Institution for exchange. 

The accessions for the Smithsonian deposit in the Library of Con- 
gress recorded during the year numbered 3,540 volumes, 1,951 parts 
of volumes, 15,826 pamphlets, and 366 charts, making a .total of 
21,683 publications. The accession numbers ran from 504,150 to 
508,788, the parts of serial publications entered on the card catalogue 
numbered 19,012, and 1,225 slips were made for completed volumes, 
and 171 cards for new periodicals. These various publications com- 
prised in all 52,548 separate pieces, including parts of periodicals, 
pamphlets, and volumes. They were sufficient to fill 304 boxes, 
which together contained approximately the equivalent of 14,560 
volumes. In addition, 2,058 parts of serial publications secured by 
the Institution in exchange, to complete sets, were also sent to the 
Library of Congress. 

The practice of sending foreign public documents presented to the 
Institution to the Library of Congress without stamping or entering 
was continued during the year, about 4,589 publications not included 
in any of the foregoing statistics having been sent in that manner. 

The office library received as accessions 347 volumes, 42 parts of 
volumes, and 31 pamphlets; the Astrophysical Observatory, 114 vol-^ 
nines, 38 parts of volumes, and 86 pamphlets; and the National 
Zoological Park 10 volumes and 9 pamphlets, making a total of 677 
publications. 

EXCHANGES. 

Efforts to establish new exchanges and to secure missing parts to 
complete sets of publications in the Smithsonian Library involved 
the writing of 3,000 letters, and resulted in the addition of about 171 
new periodicals and the receipt of about 2,058 missing parts to 
complete volumes in the Smithsonian sets. 

New exchanges for the annual reports of the American Historical 
Association from the allotment set aside by agreement for that pur- 
pose resulted in the acquisition of a number of publications of 
historical societies throughout the world. These were added to the - 
Smithsonian deposit in the Library of Congress. 
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GENERAL WORK ON THE LIBRARY. 

A.S an aid in determining the actual deficiencies in various sets iiv 
the Smithsonian deposit in the Library of Congress, a special search 
was made through the Library of the National Museum for volumes 
and parts of volumes belonging to the deposit, and it is expected that*" 
before the Museum Library is moved into the new building prac- , j 
tically all that have lodged there will have been f omid and sent to the ' 
Library of Congress to be entered in the proper records. In addi- 
tion, requests have been made upon institutions and societies to ' 
secure lacking parts, with the result that many sets have been com- 
pleted. Eevised want lists of French and English publications, 
prepared at the Library of Congress, were examined, and in many t 
cases the publications were supplied by the institutions and societies. 

The author catalogue for the general series of publications received 
was continued, and the results were all that could be desired. Cata- 
logue cards made for the author-donor catalogue numbered 10,012. ; 
Publications catalogued comprised 11,194 volumes, ITl new peri-/ 
odicals, and 383 charts. Of the volumes, 1,712 were recatalogued. 

: During the year 3,731 parts of scientific periodicals and popular/ 
magazines and 250 bound volumes were lent to readers, inakinnyA 
total of 3,981. 

CATALOGUE OE SMITHSONIAN PUBLICATIOMC 

An analytical card catalogue of the publications^iff the Institution 
to include both author and subject entries has be^/hegain. Some time 
will yet be required to complete the task, as t^ cards under present 
conditions can be prepared only during int^/rals in the regular work 
at the cataloguing and accession desks, ^^^uch thought was given to 
'plans for the preparation of a catalogire of Smithsonian publications 
to be printed in book form, which is greatly needed at the present 
time, but on account of the limited funds aviiilable for printing it was 
deemed by the secretary inadvisable to undertake the work this year. 

READING AND REFERENCE ROOMS. 

A rearrangement of the reading rooms, to make more space for 
readers, is in progress. The accession books arc to be placed in a case 
erected on the west side of the room, the table in the middle of the 
room is to be reduced in size, one cataloguer’s desk is to be transferred 
to another room, and a table with bins for periodicals is to be placed 
under the north windows. 

■ The publications in the reference room and those in the reading 
room are now in charge of one person. 

ART ROOM. 

The contents of this room were rearranged during the year and pub- 
lications not directly relating to the fine arts placed in the sectional 
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libraries of the Museum. A number of books on art belonging to the 
Marsh collection were placed at the main entrance to the Smithsonian 
building in conjunction with the newly installed exhibition series 
illustrating the various activities of the Institution. 

EMPLOYEES’ LIBRARY, 

The total number of loans from this collection made during the ' 
year amounted to 1,800. Two hundred and twelve volumes of peri- 
odicals were bound and made available for circulation. A number of 
books, especially selected for the purpose, were sent to the National 
Zoological Park, as in previous years. Only one book was pur- 
chased and one received as a donation. 

At the time at which this collection of books was established the 
facilities for obtaining reading matter of general interest were quite 
limited, but with the opening of the Washington Public Library they 
were very greatly increased. In view of the large number of books 
in all branches of literature which are now available for readers, it 
does .not appear necessary to expend money in extending this special 
collection. 

LIBRARIES OP THE GOVERNMENT BRANCHES. 

United States National Mmeum . — In previous reports reference 
has been made to the congested condition of the library of the Na- 
tional Museum. This was partly relieved in 1911 by separating out 
duplicates, for which work temporary assistants were employed for 
several months. The library still remained somewhat in confusion, 
however, owing to the necessity of moving various sections from 
time to time to make room for new accessions. These accessions 
arrived more rapidly than they could be disposed of, and accumu- 
lated in unassorted piles. The library also suffered greatly from 
dust. 

Owing to the necessity of exercising rigid economy in the adminis- 
tration of the Museum library, the present force is scarcely able to do 
more than keep pace with the current routine work, which consists, 
of registering accessions, entering current numbers of periodicals 
and transactions of scientific societies in the card-catalogue, classify- 
ing new accessions in accordance with the Dewey decimal system, 
attending to the wants of the readers and those entitled to borrow 
books, keeping the records of loans, and conducting the necessary 
correspondence. The very important task of placing books returned- 
by borrowers, or new accessions, on the shelves is performed by the 
messenger, the classifier, or others, as they have opportunity. The 
preparation of books for binding, which requires special care, is 
attended to by the assistant librarian of the Museum in the intervals 
:6f other business. . , 



Museum building was approaching, and there seemed no possibility 
of diverting the regnalar force to the task of putting the book- 
staclffi in order, the assistant secretary in charge of the Museum, at 
my suggestion, employed three temporary assistants who overhauled 
the entire contents of the stacks, thoroughly dusted the shelves and 
hooks, gave particular attention to arranging the volumes of the 
serials in exact order, and to restoring any books that were out of 
place to their proper locations. At the same time the floors were 
cleaned and painted to keep down dust, a few new lights were added 
where needed, and various minor repairs were made to windows, 
ventilators, etc. 

As a result of these activities, the Museum library at the close 
of the year, though much crowded, presented a clean and orderly 
appearance throughout, and everything was in train for the trans- 
fer of a portion of the books to the new building without confusion 
or serious interruption of the regular work. 

As will be learned from the report of the assistant secretary in 
charge of the National Museum, a readjustment of exhibits, labora- 
tories, offices, etc., follows from the completion of the new Museum 
building, and it is the intention to rearrange the library to suit 
these new conditions. It is proposed to assemble all books on 
zoology, paleontology, geology, ethnology, and archeology in the 
new building. Books on the arts and industries, technology, and 
allied subjects will be assembled in the present library quarters in 
the old building. Books on botany and those whose contents relate 
to a number of different subjects will probably also remain for some 
time in the present quarters, though, as already mentioned, it is 
hoped that Congi-ess will soon make provision for these and certain 
Smithsonian books, together with the library of the Bureau of Amer- 
ican Ethnology, in the main hall of the Smithsonian building. 

At the request of the assistant secretary of the Museum, the assist- 
ant librarian of the Institution and myself prepared definite plan's 
for the installation of the portion of the library already mentioned 
in the new Musemn building, in well-adapted rooms on the ground 
floor at the northeast comer. Contracts were made for the metal 
staclis and other fittings, in accordance with these plans, and at 
the close of the year they were nearly ready for delivery. It is 
expected that when this equipment is finished the Museum will have 
a compact, economical, commodious, well-lighted, and well-arranged 
library, installed in ‘accordance with the latest and most improved 
methods. 

Many important donations of boolts were received by this library 
during the year, and the following officers and associates also pre- 
sented publications: Dr. Charles D. Walcott, Dr, Theo. N. Gill, 



Dr. Edgar A. Mearns, Dr. William H. Dali, Mr. R. Ridgway, Dr. 
C. W. Richmond, Mr. J, C. Cra^yford, Dr. 0. P. Play, Dr. A. C. 
Peale, Mr. W. R. Maxon, and Mr. F. D. Millet. 

The Museum library, according to the best statistics available, 
now contains about 42,000 volumes, 70,000 unbound papers, and 122 
manuscripts, besides maps, charts, etc. The accessions during the 
year consisted of 1,791 books, 3,008 pamphlets, and 270 parts (il' 
volumes. During the same period 824 books, 960 complete ^o]llmcs 
of periodicals, and 3,622 pamphlets were catalogued. 

Attention was given as in previous years to the prepara timi of 
volumes for binding. In all 543 books were sent to the Go\xi'muent 
bindery during the year. The binding is, however, still miieh in 
arrears, and it 'is hoped that more money can be devoted to this 
purpose in the future. Large numbers of pamphlets need card- 
board covers to protect them from injury. Though the covers them- 
selves are available, it is impossible with the present force to bring 
them into use to the extent required. 

During the year 24,815 books, periodicals, and pamphlets vcre 
borrowed from the library, among them 5,515 obtained from the 
Library of Congress and other libraries, and 4,560 were assiirned 
to the sectional libraries of the Museum. The majority of these sec- 
tional libraries contain publications that are constantly needed by the. 
several curators and other officers in identifying and classiffidug 
material, working up collections for publication, writing ox'hihition 
labels, etc., and the books are kept together as long us recpiirod, 
though any of them may be recalled temporarily to the general 
library for the use of readers. Similar collections of l^ook'^ on 
museum administration, musemn methods, etc., are kept in the offices 
of the assistant secretary in charge of the Museum, the administra- 
tive assistant, the editor, and the superintendent. In all. 31 such 
sectional libraries are now in existence, one relating to textiles having 
been added during the year. 

The records of the Museum library consist of accession book and 
an author catalogue, a periodical record, and a lending record in 
card form. The lending record includes books borrowed fz'om the 
Library of Congress and from other dibraries for the use of the 
Musemn staff. 

Con’espondence relative to new exchanges and missing parts of 
. serial publications already in the Museum library was carried on as 
ip, previous years. A number of new titles were added by this moans. 

Bureau of American Ethnology . — ^The report on this hbrarj’ will 
be made by the ethnologist in charge and incorporated in his general 
report on the operations of the bureau. 

Astrophysical Observatory . — Owing to lack of room In the office 
of the observatory, a part of the books belonging to this library ha\e 



been kept in the Smithsonian building. During the year this latter 
portion was transferred from one of the tower rooms where it was 
difficult of access to the southwest gallery in the main hall of the 
building. Additions, comprising 114 volumes, 38 parts of volumes, 
and 8G pamphlets, were received during the year. 

Natmial Zoological Par/c.— To this small reference library of 
zoological publications relating to the work of the park 10 volumes 
and 9 pamphlets were added during the year. 

Summary of accessions. — The following statement summarizes all 
the accessions for the year, except the Bureau of American Eth- 


nology, which is administered separately : 

Smitiisoalan deposit in tlie Library of Congress 21, 6S3 

Smitlisonian office, Astropbysical Observatory, National Zoological Park, 

and International Exchange Service 677 

United States National lluseuni 5, 075 

Total 28,036 

Very respectfully, 

F. W. Tutm, 

Assistant Secretary., in charge 


of Librar'y and Exchanges. 

Dr. Charles D. Walcott, 

Secretary of the SmAthsonian Institution. 

October 9, 1912. 



Appendix 7. 

EEPORT ON THE INTEENATIONAL CATALOGEE. 

Sie: I have the honor to submit the following report on the oper- 
ations of the United States Bureau of the International Catalogue 
of Scientific Literature for the year ending June 30, 1912 : 

The International Catalognie of Scientific Literature is an organi- 
zation consisting of 32 regional bureaus representing the principal 
countries of the world. Control over the entire enterprise is vested 
in -an international convention which meets at regular stated inter- 
vals. The regional bureaus supply to a central bureau in London 
classified index citations to the scientific literature published Avithin 
their several regions. 

The duties of the central bureau consist in editing and publishing 
the citations thus forwarded. The published catalogue compi'ises 
17 annual volumes, one for each of the folloAving-nained subjects: 
Mathematics, mechanics, physics, chemistry, astronomy, meteorology, 
mineralogy, geology, geography, paleontology, general biology, bot- 
any, zoology, anatomy, anthropology, physiologj^, and bacteriology. 
Each country cooperating supports its own regional bureau, this sup- 
port in most cases being in the form of direct governmental grants. 
The maintenance of the central bureau, Avhich bears the cost of editing 
and publishing the catalogue, is dependent on the funds receiA'ed 
from the sale of the published volumes. 

The Eoyal Society of London has stood financial sponsor for the 
enterprise since the beginning of the undertaking in 1901, and it has 
been through the generous financial assistance of this body that the 
publication of the work has been possible. 

The organization has now been at Avork over 10 years, and the 
published results have met the exacting requirements of a classified 
index to the vast scientific actiAuties of the day ; but the price of the 
AVork to subscribers, although below the cost of publication, is so 
large that its usefulness is greatly limited. For this reason a perma- 
nent endowment is urgently needed in order that the central bureau 
may have a fixed income independent of the smn derived from the 
sale of the published volumes. It is beheved that if such an endow- 
ment could be obtained the cost of the catalogue could be reduced 
possibly to one-half its present subscription price, which is $85 per 
year. This reduction in price would undoubtedly largely increase 
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the sales, and as a larger edition of the work would cost compar- 
atively little more than the present limited edition any increase in 
the demand would approximately be clear profit to the central 
bureau. 

This result is not only desirable from a financial standpoint but 
also because it is believed that this international index to scientific 
literature, whose scope is now limited to pure science, is but a begin- 
ning to what will eventually be an international index to not only 
the pure but also to the applied sciences. This will mean that the 
organization will ultimately furnish classified citations to the origi- 
nal literature of many of the professions, arts, and trades whose 
practices and methods are now much interwoven with, and dependent 
on the advance of pure science. 

The appropriation made by Congress for the maintenance of the 
regional bureau for the Uruted States during the year was $7,500, 
this being the same sum that was appropriated for the previous year. 
Five persons are regularly employed in this bureau in collecting, in- 
dexing, and classifying the scientific literature published in the 
United States. 

The practice of having the more technical scientific papers referred 
for analj'^sis and classification to specialists in the subjects treated 
has been found very satisfactory and is now carried on to the ex- 
clusion of the former practice of corresponding with the authors of 
the papers, for .it was found that to correspond and advise with 
authors necessitated much clerical labor and often caused long delays 
in obtaining the information sought. 

Durmg the year 27,201 cards were sent from this bureau to the 
London central bureau as follows; 

Literature of- 

1903 

1004 

1905 

1900 

1907 

loos 

1900 

1910 

1911 

Total 27,201 

Since the bureau was established in 1901, 202,335 cards have been 
forwarded to the central bureau. 

The following table shows the number of cards sent each year as 
well as the number of cards representing the literature of each year 
from 1901 to 1911, inclusive. 


4 
243 
3S6 
562 
1,480 
1, 949 
3, 372 
6,231 
13, 974 




During this time the London central bureau had received from all 
of the 32 bureaus cooperating in the production of the International 
Catalogue a total of 2,059,036 cards, and as 262,335 of these repre- 
sented the cards received from the United States, it will be seen that 
about 13 per cent of the work has been done by the regional bureau 
for the United States. All of the first eight annual issues of the 
catalogue, consisting of 17 volumes each, have been published, together 
with 15 volumes of the ninth annual issue and 4 volumes of the tenth 
annual issue, making a total of 155 volumes of the regular catalogue. 

Following an established policy to consolidate the catalogue when- 
ever possible with similar enterprises, an agreement has been made 
with the International Seismological Association whereby the yearly 
International Catalogue volume on geology will be enlarged and the 
section “ Internal dynamics,” containing an index to seismology, be 
published not only as a regular part of the International Catalogue, 
but also separately for the use of the International Seismological 
Association. 

It is a matter of regret that this bureau is not yet able to afford the 
expense of issuing cards, in advance of the regular published vol- 
umes, for the immediate use of persons desiring prompt notice of 
papers appearing on any of the subjects embraced within the scope of 
the work. Plans having this object in view have been under con- 
sideration for some time, but as yet the necessary funds are not 
available for the purpose. It is not intended to issue cards in place 
of annual volumes, but to distribute classified index cards as soon as 
a paper is published, for the immediate information of those interested 
in the advance of science. 

Very respectfully, yours, 

Leoxakd C. Gunneul, 

Assistant in Charge, 

Dr. Chahees D. Walcott, 

Secretary of the Smithsonian Institution, 

8o3Q0“— SM 1912 8 


Appendix 8. 

EEPORT ON THE PUBLICATIONS. 

Sir: I have the honor to submit the following report on the pub- 
lications of the Smithsonian Institution and its branches during the 
fiscal year ending June 30, 1912: 

The Institution has published one memoir of the “ Smithsonian 
Contributions to Knowledge,’.’ 35 papers of the “ Smithsonian Mis- 
cellaneous Collections,” and one annual report. There were also 
issued by the Bureau of Ethnology 1 annual report and 2 bulletins, 
and by the United States National Museum 53 miscellaneous papers 
of the Proceedings, 3 bulletins, and 5 parts of volumes pertaining to 
the National Herbarium. 

SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE. 

QUARTO. 

1948. Laiiglej' memoir on mechanical flight Part I, 1887 to 1890, by Samuel 
Pierpont Langley, edited by Charles M. Manly. Part II, 1897 to 1903, by 
Charles M. Manly. Published August 18, 1911. Pages 1 to x, 320, with 101 
plates. Vol. 27, No. 3. 

SMITHSONIAN MISCELLANEOUS COLLECTIONS. 

OCTAVO. 

In the series of Smithsonian Miscellaneous Collections there were 
published (1) 17 papers, cover and preliminary pages for volume 
66; (2) 4 papers of volume 57 ; and (3) 14 papers of volume 59, a^ 
follows : i 

2014. Cambrl.nn geology and paleontology. II. No. 5: Middle Cambrian An- 
nelids By Charles D. Walcott Published September 4, 1011. Pages 109 to 
144. Plates IS to 23. Vol. 57, No. 5. 

2015. Description of a new genus and species of hummingbird from Panama. 
By E. W Nelson. Published July 8, 1911. Pages 2. Vol. 56, No. 21. 

2051. Cambrian geology and paleontology. II. No. 6. Middle Cambi-iau 
Branchiopoda, Malacostraca, Trllobita, and Merostomata. By Charles D. 
Walcott. • Published March 13, 1912. Pages 145 to 228, with unpaged index. 
Plates 24 to 34. Vol 57, No. 6. 

2053. Two new subspecies of birds from Panama. By E. W. Nelson. Pub- 
lished September 7, 1911. One page, Vol. 66, No. 22. 

2054. On Psomiocarpa, a neglected genus of ferns. By Dr. H. Christ, Basel. 
Published November 21, 1911. Pages 4. Plate 1. Vol. 56, No 23. 

2055. A remarkable new fern from Panama. By William R. Maxon. Pub- 
lished November 22, 1911. Pages 5. Plates 3. Vol. 56, No. 24. 
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2056. Descriptions of seven new African grass-warblers of the genus Cisticola, 
By Edgar A. Mearns. Published November 23, 1911. Pages 6. Vol. 56, 
No. -25. 

2058. A new kingfisher from Panama. By E. A, Goldman. Published Decem- 
ber 1, 1911. Pages 2. Vol. 56, No 27. 

2059. Description of a new species of sunbird, Helionympha ralneyi, from 
British East Africa. By Edgar A. Mearns. Published November 28, 1911. 
One page. Vol. 56, No. 28 

2062. Poui' new mammals from the Canadian Rockies. By N. Hollister. 

Published December 5, 1911, Pages 4. Vol 56, No 26. 

2064. Three new club mosses from Panama. By William R. Maxon. Pub- 
lished January 6, 1912 Pages 4. Plates 4. Vol. 56, No. 29 
2066 A new subspecies of Ptarmigan from the Aleutian Islands. By A. C. 
Bent Published January 6, 1012. Pages 2. Vol. 56, No 30 

2067. Report on an investigation of the geological structure of the Alps. By 
Bailey Willis Published February 7, 1912. Pages 13 Vol. 56. No 31 

2068. Notes on birds observed during a brief visit to the Aleutian Islands and 
Bering Sea m 1911. By A. C. Bent. Published February 12, 1912 Pages 
29 Vol. 56, No. 32. 

2069. Three new plants from Alberta. By Paul C. Standley. Published Feb- 
ruary 7, 1912 Pages 3. Vol. 56, No. 33. 

2070. A new leather flower from Illinois. By Paul C. Standley. Published 
February 7. 1912 Pages 3. Plate 1. Vol. 56, No. 34 

2071. The natives of Kharga Oasis, Egypt. By AleS Hrdlicka. Published April 
15, 1912. Pages US. Plates 38. Vol. 59, No. 1. 

2072. New mammals from Canada, Alaska, and Kamchatka. By N. Hollister. 
Published February 7, 1912. Pages 8 Plates 3. l"ol. 58, No. 35. 

2073. Descriptions of twelve new species and subspecies of mammals from 
Panama. By. E A. Goldman. Published February 19, 1912. Pages 11. 
Vol. 56, No. 36. 

2074. Descriptions of two new species of nun birds from Panama. By B. W. 
Nelson. Published February 16, 1912. Pages 2 Vol. 66, No. 37. 

2076. Cambrian geology and paleontology. II. No. 7 : Cambro-Ordovician 
boundary In British Columbia, with description of fossils. By Charles D. 
Walcott. Published March S, 1912. Pages 229 to 237. Plate 35 Vol. 
67, No. 7. 

2076. Cambrian geology and paleontology. II. No. 8 . The Sardinian Cambrian 
genus Olenopsis in America. Published March 8, 1912. Pages 239 to 249. 
Plate 36. Vol. 57, No. 8. 

2077. New species of fossil shells from Panama and Costa Rica. Collected by 
D. F. MacDonald. By William Healey Dali. Published March 2, 1912. 
Pages 10. Vol. 59, No. 2. 

2078. Description of a new subspecies of monkey from British East Africa. 
By N. Hollister. Published March 2, 1912. Pages 2. Vol. 69, No. 3. 

2079. Descriptions of new genera and species of microlepidoptera from Panama. 
By August Busck. Published March 9, 1912. Pages 10. Plate 1 Vol. 
59, No. 4. 

2080. New genus and species of hymenoptera of the family Braconidse from 
Panama. By H. L. Viereck. Published March 9, 1912. Pages 2. Vol. 
59, No. 5. 

2081. The genera of fossil whalebone whales allied to BalEenoptera. By Fred- 
erick W. True. Published April 3, 1912. Pages 8. Vol 59, No. 6. 



2082. Observations on the habits of the crustacean Bmerita analoga. By Frank 
Walter Weymouth and Charles Howard Richardson, jr. Published May 10, 
1912. Pages 13. Plate 1. Vol. 59, No. 7. 

2083. Hamilton lecture. Infection and recovery from infection. By Simon 
Flexnor, M D. Published May 29, 1912 Pages 14. Plates 5 Vol. 59, No. 8. 

2086. National Zoological Park. Notes on animals now, or recently, living in 
the National Zoological Park. By A. B. Baker. Published May 17, 1912. 
Pages 3. Plate 1. Vol. 59, No. 9. 

2086 National Zoological Park. Further notes on the breeding of the American 
black bear in captivity. By A. B. Baker. Published May 17, 1912, Pages 4. 
Vol. 59, No 10. 

2088. Sawflies from Panama, with descriptions of new genera and species By 
S. A. Rohwer Published May 18, 1912 Pages 6 Vol. 59, No 12. 

2090. New decapod crustaceans from Panama. By Mary J. Balhhun. Published 
May 20, 1912. Pages 3. Vol. 59, No. 13 , 

2091 Smithsonian Miscellaneous Collections. Cover and preliminary pages fon 
volume 56 Pages i to vii. ^ 

2092. Report on landshells collected in Peru in 1911 by the Vale expedition 
under Prof. Hiram Bingham, with descriptions of a new subgenus, a new 
species, and new varieties. By William Healey Dali Published June 8, 
1912. Pages 12 Vol. 69, No. 14. 

2093. Names of the large wolves of northern and western North America. By 
Cerrit S. Miller, jr. Published June 8, 1912 Pages 5. Vol. 59, No. 15 

r 

The following papers of the Smithsonian Miscellaneous Collec. 
tions were in press at the close of the year; 

1987. Bibliography of the geology and mineralogy of tin. By Frank L. and 
Eva Hess Pages i to v,» 408. Vol. 58, No. 2. 

2087. Expeditions organized or participated in by the Smithsonian Institutioijt 

in 1910 and 1911. Pages 61. Plate 1. Figs. 66. Vol 59, No. 11. *■ 

2094. New rodents from British East Africa. By Eldmund Heller. Pages ^0 
Vol. 59, No. 16. 

2133. New diptera from Panama. By J. R. Malloch. Pages 8. Vol. 69, No. :)17. 

2134. New species of landshells from the Panama Canal Zone. By William ;H. 
Dan. Pages 3. Plates 2. Vol. 59, No. 18. 

SJiHTHSONIAN ANNUAL REPORTS 

The Annual Report of the Board of Regents for 1910 was published 
in January, 1912. 

2060. Annual Report of the Board of Regents of the Smithsonian Institution, 
showing operations, expenditures, and conditions of the Institution for the 
year ending June 30, 1910. Octavo. Pages i to vii, 688. Plates 129 and 1 
map. Containing publications 2001, 2002, and 2016-2049. 

Small editions of the following papers, forming the general ap- 
pendix of the Annual Report of the Board of Regents for 1910, were 
issued in pamjihlet form : 

2016 Melville Weston Fuller, 1833-1910, by Charles D. Walcott. Pages 113-123, 
with 1 plate. 

2017 Ornamentation of rugs and carpets, by Alan S. Cole. Pages 125-144, with 
6 plates. 
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2018. ' Eecent progress m aviation, by Octave Cbanute. Pages 145-167. with 
IQ plates 

2019. Progress In reclamation of and lands in the western United St.iles, by 
F. H. Newell. Pages 169-198, with 12 plates. 

2020. Electric power from the Mississippi Elver, by Chester M. Clark. Pages 
199-210, with S plates. 

2021. Safety provisions in the United States Steel Corporation, by David S. 
Beyer. Pages 211-229, with 11 plates 

2022. The insolation of an ion, a precision measurement of its charge, and tlie 
correction of Stokes's Law, by R A. Mihikan Pages 231-356 

2023. The telegraphy of photographs, wireless and by wire, by T. Thorne Baiter. 
Pages 357-274, with 2 plates. 

2024 Modern ideas on the constitution of matter, by Jean Becquerel. Pages 
275-290. 

2025. Some modem developments in methods of testing explosives, by Charles K. 
Munroe. Pages 291-306, with 12 plates. 

2026. Sir William Huggins, by W. W Campbell. Pages 307-31T, with 1 plaie. 

2027. The solar constant of radiation, by C. G. Abbot Pages 319-328. 

2028 Astronomical problems of the Southern Hemisphere, by Heber D. Gurus. 
Pages 329-340. 

2029. The progressive disclosure of the entire atmosphere of the sun, by Dr. II. 
Dealandi’es. Pages 341-356, with 4 plates. 

2030 Recent progress in astrophysics in tlie United States, by J. Bosler. Pages 
367-370, with 8 plates. 

2031 The future habitability of the earth, by Thomas Chrowder Chamberlin. 
Pages 371-389. 

2032. What is terra firma? A review of current research in isostasy, by Bailey 
Willis. Pages 391-406, with 3 plates. 

2033. Tran^iration and the ascent of sap, by Henry H. Dixon. Pages 407-125. 

2034. The sacred ear-flower of the Aztecs, by William Edwin Safiford I’.igea 
427-431, with 1 plate. 

2036. Forest preservation, by Henry S. Graves. Pages 438-445, with 7 plates. 

2030. Alexander . Agassiz, 1835-1910, by Alfred Goldsborough Mayer. Images 
447-472, with 1 plate. 

2037. Eecent work on the determination of sex, by Leonard Doncaster. Pages 
473-486. 

2038. The significance of the pulse rate in vertebrate animalSi by Florence 
Buchanan. Pages 487-605. 

2039. The natural history of the solitary wasps of the genus Synagris, by E. 
Roubaud. Pages 507-525, with 4 plates. 

2040. A contribution to the ecology of the adult Hoatzin, by C. William Beebe, 
Pages 527-543, with 7 plates. 

2041. Migration of the Pacific plover to and from the Hawaiian Islands, by 
Henry W. Henshaw. Pages 545-559. 

2042. The plumages of the ostrich, by Prof. J. E. Duerden. Pages 561-571, with 
8 plates. 

2043. Manifested life of tissues outside of the organism, by Alexis Carrel and 
Montrose T. Burrows. Pages 673-582. 

2044. The origin of Druidlsm, by Julius Pokorny. Pages 583-597. 

2045. Geographical and statistical view of the contemporary Slav peoples, by 
Lubor Niederle. Pages 599-612, with colored map. 

2046. The cave dwellings of the Old and New Worlds, by J. Walter Fewkes. 
Pages 613-634, with 11 plates. 



2047. Tlie origin of West African crossbows, by Henry Balfour. Pages 635-650, 
with 1 plate 

2048. Sanitation on farms, by Allen W. Preeman. Pages 661-667. 

2049. Epidemiology of tuberculosis, by Robert Kocb. Pages 659-674. 

The report of the executive committee and Proceedings of tlie 
Board of Regents of the Institution, as weU as the report of the 
.secretary, for the fiscal year ending June 30, 1911, both forming part 
of the annual report of the Board of Regents to Congress, were pub- 
lished in pamphlet form in December, 1911, as follows : 

2061. Report of tbe executive committee and Proceedings of tbe Board of 
Regents for tbe year ending June 30, 1911. Pages 19. 

2065. Report of the secretary of the Smithsonian Institution for the year end- 
ing June 30, 1911. Pages 91. 

The general appendix to the Smithsonian Report for 1911 was in 
type, but actual presswork could not be completed before the close 
of the fiscal year. In the general appendix are the following papers: 

The gyrostatic compass, by H. Marchand 
Radiotelegraphy, by G. Marconi. 

Mnltiplex telephony and telegraphy by means of electric waves guided by wires, 
<by George 0. Squier. 

Recent experiments with Invisible light, by R. W. Wood. 

What electrochemistry Is accomplishing, by Joseph W Richards 
Ancient and modern views regarding the chemical elements, by William 
Ramsay. 

The fundamental properties of the elements, by Theodore William Richards. 
The production and identification of artificial precious stones, by Noel Heaton. 
The sterilization of drinking water by ultra-violet radiations, by Jules Oour- 
mont. 

The legal time in various countries, by M. Philippot. 

gome recent interesting developments in astronomy, by J. g. Plaskett. 

The age of the earth, by J. Joly. 

International air map and aeronautical marks, by Ch. Lallemand 
Geologic work of ants m tropical America, by J. C. Branner. 

On the value of the fossil floras of the arctic regions as evidence of geological 
climates, by A. G, Nathorst. 

Recent advances in onr knowledge of the production of light by living organ- 
isms, by F. Alex. McDermott. 

Organic evolution ; Darwinian and de Vrlesian, by N. C. Macnamara. 

Magnalia naturm; or the greater problems of biology, by D’^lrcy Wentworth 
Thompson. 

A history of certain great hoiued owls, by Charles E. Reyes. 

The passenger pigeon, by Pehr Kalm (1759), and John James Audubon (1331), 
Note on the Iridescent colors of birds and Insects, by A. Mallock 
On the positions assumed by birds in flight, by Bentley Beelham. 

The garden of serpents, Butaatan, Brazil, by S. Pozzi. 

gome useful native plants from New Mexico, by Paul C. gtaudley. 

The ti-ee ferns of North America, by William R. Maxou. 

The value of ancient Mexican manuscripts in the study of the general develop- 
ment of writing, by Alfred M. Tozzer. 
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The aiscoverers of the art of iron manufacture, by W. Belek'. 

The Kabyles of north Africa, by A Lissauer 

Chinese arehileetiire and its relation to Chinese culture, by Ernst Boerschmatm. 
The Lolos of Kientehang, western China, by A. F. Legendre. 

The physiology of sleep, by E. Legendre. 

Profitable and fruitless lines of endeavor in public health work, by Edwin O. 
Jordan. 

Factory sanitation and efficiency, by C.-B. A. Winslow. 

The physiological influence of ozone, by Leonard Hill and llartm Flack 
Traveling at high speeds on the surface of the earth and aboi'e it, by H. 
Hele-Shaw 

Robert Koch, 1S43-1910, by C. J M 

Sir Joseph Dalton Hooker, 1817-1911, by Lieut Col. D Prain. 

SPECIAL PTTBLTOATIONS 

The following special publications were issued in octavo form, dur- 
ing the year : 

2013. Opinions rendered by the International Commission on Zoological Komen- 
clatnre. Opinions 30-37. Published July, 1911. Pages 69-88. 

2060. Opinions rendered by the International Commission on Zoological Nomen- 
clature. Opinions 38-51. Published February, 1912 Pages 89-117. 

2052. Classified list of Smithsonian Publications available for distribution, 
January, 1912. Published January, 1912. Pages vi, 29. 

2084. Publications of the Smithsonian Institution issued between January 1, 
and April 1, 1912. One page 

A single folder, containing map showing Smithsonian and National Museum 
buildings, and information pertaining thereto. 

There were no special publications in jjress at the close of the year. 

PUBLICATIONS OP THE UNITED STATES NATIONAL MUSEUM 

The publications of the National Museum are; (a) The annual 
report to Congress; (b) the proceedings of the United States Na- 
tional Museum, and (c) the Bulletin of the United States National 
Museum, which includes the contributions from the United States 
National Herbarium. The editorship of tiiese publications is veste4 
in Dr. Mai-cus Benjamin. 

The publications issued by the National Museum during the year 
comprised the annual report for 1911; papers 1848, 1853, 1856 to 
1879 of volume 41, Proceedings; papers 1880 to 1906 of volume 42, 
Proceedings; three bulletins and five parts of Contributions from 
the National Herbarium, 

The bulletins were as follows : 

No. 50, Part 5. Birds of North and Middle America, by Robert Eidgway. 

No. 77. The early Paleozoic Bryozoa of the Baltic Provinces, by Ray S. Bassler. 
No. 7S, Catalogue of a selection of art objects from the Freer Collection ex- 
hibited in the new building of the National Musemn. 



In the series of Contributions from the National Herbarium (oc- 
tavo) there appeared : 

Tol. 13, Part 11. Tlie Allioniaceffi of Mexico and Central America, by Paul 
Standley. 

Vol 13, Part 12. New or notewortby plants from Columbia and Central America, 
by Henry Pittier. 

Vol. 14, Part 3. Tbe Grama grasses; Bouteloua and related genera, by David 
Griffiths, 

Vol. 16, Part 1. Miscellaneous papers, by William S. Maxon, J. N. Hose, Paul 
Standley, and E. S. Williams. 

Vol. 16, Part 2 Studies of Tropical American Ferns, by William E. Maxon. 

There were also published in completed form volumes 39, 40, and 41 
of Proceedings, and a new edition of Bulletin 39, Part N. 

PUBLICATIONS OF THE BUEEAU OF AMEEICAN ETHNOLOGY. 

The publications of the bureau are discussed elsewhere in the Sec- 
retary’s report. The editorial work is in the charge of Mr. J. G, 
Gurley. 

One annual report and two bulletins were issued during the year, 
as follows : 

Twenty-seventh Annual Report, comprising the administrative report for the 
year ending June 80, 1906, and a paper entitled “ The Omaha Tribe,” by Alice 
0. Fletcher and Francis La Flesche Published 1911. Royal octavo. Pages 
1 to 672, with 65 plates and 132 figures 

Bulletin 47. A dictionary of the Biloxi and Ofo Languages, with thirty-one 
BUoxl texts and numerous Biloxi phrases, by James Owen Dorsey and John 
E. Swauton. Published 1912 Octavo Pages i to v, 340. 

Bulletin 49. List of publications of the Bureau of Americau Ethnology. Pub- 
lished 1911. Octavo. Pages 1 to 34. 

PUBLICATIONS OP THE SMITHSONIAN ASTROPHYSICAL OBSBEVA- 

TOEY. 

There were no new publications issued by the Astrophysical Ob- 
servatory during the year. 

PUBLICATIONS OP THE AMEEICAN HISTORICAL ASSOCIATION. 

The amiual reports of the American Historical Association are 
transmitted by the association to the Secretary of the Smithsonian 
Institution, and are communicated to Congress under the provisions 
of the act of incorporation of the association. 

Volume 2 of the annual report for 1908, sent to the printer April 
26, 1910, was published during the past fiscal year. On account of the 
size of the work it was issued in two parts, pages 1 to 807, and 808 to 
1617, and comprised Parts II and III of Texas Diplomatic Corre- 
spondence, edited by the late Prof. George P. Garrison. 
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There Avas also published the annual report for 1909, with the fol- 
lowing contents: 

1. Report of the proceedings of the twenty-fifth anmial meeting of the Ameri- 

can Hisloncal Association, by Waldo G Leland, secretai'y. 

2. Twenty-fifth anniversary celebration; Proceedings of the Carnegie Hall 

meeting, 

3. Reiwrt of the proceedings of the sixth annual meeting of the Pacific coast 

branch, by Jacob N. Bowman, secretary of the branch. 

4. Western Asia m the reign of Sennacherib of Assyria (705-689), by Albert 

T. Olmstead 

6. The teaching of mediaeval archeology, by Camille Enlart. 

0. Paradoxes of Gladstone’s popularity, by Edward Porritt. 

7 Bismarck as historiographer, by Guy Stanton Eord 

8 Some aspects of postal extension into the West, by Julian I’ Bretz 

9. Side lights on the Missouri compromise, by Frank Heywood lloddcr 

10. Two studies in the history of the Pacific Noithwest, by Edmond S Meaiiy: 

1 The towns of the Pacific Northwest were not founded on the Inr 

trade 

2 Morton Matthew McCarver, frontier city builder 

11. The place of the German element in American history, by Julius Goebel. 

12. The Dutch element in American history, by H. T. Colenbrander. 

13. The Dutch element in the United States, by Ruth Putnam. 

14. Report of the conference on the contribution of the Romance nations to 

the history of America, by William R. Shepherd. 

15. Historical societies In Great Britain, by George W. Prothero 

16. The work of Dutch historical societies, by H. T Colenbrander. 

17. The historical societies of Prance, by Camille Enlart 

IS. The work of historical societies in Spain, by Rafael Altnmira. 

19. Proceedings of the sixth amiual conference of historical societies, by Waldo 

G. Leland. 

20. Tenth annual report of the public archives commission 

Appendix A. Proceedings of the first annual conference of archivists. 
Appendix B. Report on the archives of the State of Illinois, by C. W. 
Alvord and T C Pease. 

Appendix C. Report on the archives of New Mexico, by J. H. Vaughan, 

21. Writings on American history, 1900, by Grace G GriSln 

The manuscript of volume 1 of the annual report for 1910 was sent 
to the printer June 2, 1911. 

PUBLICATIONS OF THE SOCIETY OP THE DAUGHTERS OF THE 
AMERICAN REVOLUTION. 

The manuscript of the Fourteenth Annual Report of the National 
Society of the Daughters of the American Revolution, for the yciir 
ending October 11, 1911, was communicated to Congress February 
26, 1912. 

THE SMITHSONIAN ADVISORY COMMITTEE ON PRINTING AND PUB- 
LICATION. 

The editor has continued to serve as secretary of the Smithsonian 
advisory committee on printing and publication. To this c®mmittee 



have been referred the manuscripts proposed for publication by the 
various branches of the Institution, as well as those offered for print- 
ing in the Smithsonian Miscellaneous Collections. The committee 
also considered forms of routine blanks and various matters per- 
taining to printing and publication, including the qualities of paper- 
suitable for text and plates. Twenty-one meetings were held and 
156 manuscripts were acted upon. 

Eespectfiilly submitted. 

A. Howard Cuark, Editor . 

Dr. Chahlus D. Walcott, 

Secretary of the Sinithsoiuan Institution. 



REPORT OF THE EXECUTIVE COMBHTTEE OF THE BOARD OF 
REGENTS OF THE SMITHSONIAN INSTITUTION FOR THE YEAR 
ENDING JUNE 30, 1912. 


To the Board of Regents of the Smithsonian Institution: 

Your executive committee respectfully submits the following re- 
port in relation to the funds, receipts, and disbursements of the 
Institution, and a statement of the appropriations by Congress for 
the National Museum, the International Exchanges, the Bureau of 
American Ethnology, the National Zoological Park, the Astrophysi- 
cal Observatory, and the International Catalogue of Scientific Lit- 
erature for the year ending June 30, 1912, together with balances of 
previous appropriations. 

SMITHSONIAN INSTITUTION. 

Condition of the fund July 1, 1912. 

The permanent fund of the Institution and the sources from which 
it has been derived are as follows : 

DEPOSITED IN THE TEEASITBT OF THE UNITED STATES. 


Bequest of Smithson. 1846 , .$515, 169 00 

Residuary legacy of Smithson, 1867 26, 210. 63 

Deposit from savings of income, 1867 lOS, 620. 37 

Bequest of James Hamilton, 1875 $1,000 00 

Accumulated interest on Hamilton fund, 1895 1, 000. 00 

■ 2 , 000. 00 

Bequest of Simeon Habel, 1880 500. 00 

Deposits from proceeds of sale of bonds, ISSl 51 , 500. 00 

Gift of Thomas G. Hodgliins, 1891 200, 000. 00 

Part of residuary legacy of Thomas G. Hodgliins, 1894 8, 000. 00 

Deposit from savings of income, 1903 25, 000. 00 

Residuary legacy of Thomas G. Hodgkins 7, 918. 69 


Total amount of fund in the United States Treasury 044, 918. 69 

OTHER RESOURCES. 

Registered and guaranteed bonds of the West Shore Railroad Co., 
part of l^aey of Thomas G. Hodgkins (par value) 42, 000. 00 


Total permanent fund 986. 018. 69. 


Also four small pieces of real estate bequeathed by Robert Stanton Avery, of 
Washington, D. 0, 
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That part of the fund deposited in the Treasury of the United 
States bears interest at 6 per cent per annum, under the provisions of 
the act of Congress of August 10, 1846, organizing the Institution, 
and the act approved March 12, 1894. The rate of interest on the 
West Shore Eailroad bonds is 4 per cent per annum. The real estate 
received from Robert Stanton Avery is exempt from taxation aniR'c 
yields only a nominal revenue from rentals. 

Statement of icccipts and disbiusemcnts from July J, Itifl, to June 30, 1912. 

BECEIPTa 

Casa on deposit July 1, 1911 $32, 425 66 

Interest on fund deposited in United States Treasury 

due July 1, 1911, and Jaii. 1, 1912 $5G, C95 12 

Interest on West Shore R. R bonds due July 1. 1911, 

and Jan. 1, 1912 1, 680. 00 

Repayments, rentals, publications, etc 27, 643. 19 

Contributions from various sources for specific purposes- 21, 150 00 

107, 168. 31 

139, 593. 97 ' 

DISBUBSEMENTS 

Buildings, care and repairs $5, 460. 

Furniture and fixtures 999. iv. 

General expenses; 

- Salaries $18, 159. 22 

Meetings 225. 76 

Stationery 702 86 ' 

Postage, telegraph, and telephone 676. 68 

Freight 86 55 

Incidentals 1, 763. 52 

Garage 2, 322 00 

Fuel and lights 87. 25 

24,023.62 

Library 2, 045. 93 

Publications an4 their distribution ; 

Miscellaneous collections 4 014 72 

Reports 284. 61 

Special publications 497. 11 

Publication supplies 423, 13 

Salaries 6, 681. 10 

11, 900. 73 

Explorations, researches, and collections 19,191.37 

Hodgkins specific fund, researches and publications 6, 666. 76 

International Exchanges 6,121.32 

Gallery of Art 252 03 

‘ Advances for field expenses, etc 30, 872. 00 


100, 533. 88 

Balance, June SO, 1912, deposited with the Treasurer of the United 
States.-i 33, 060. 09 


139. 593. 97 



EBPORT OP THE ESECUTTVB COMMITTEE. 11.3 

By authority, your esecutive committee again employed Mr. Wil- 
liam L. Yaeger, a public accountant of this city, to audit the receipts 
and disbursements of the Smithsonian Institution during the period 
covered by this report. The following certificate of examination 
supports the foregoing statement, and is hereby approved : 

Washington, D. 0, August 5, 1912. 
Executive Committee, Boaed of Regents, 

Smithsonian Institution. 

Sirs : I have examined the accounts and vouchers of the Smithsonian Insti- 
tution for the fiscal year ending June 30, 1812, and certify the following to he a 


correct statement. 

Total receipts .$107, 168 31 

Total disbursements 106,533 88 

Excess of receipts over disbursements 634.43 

Amount from July 1, 1911 32, 425 06 

Balance on hand June 30, 1912 33, 060. 09 

Balance shown by Treasury statement June 30, 1912 30, 738. 54 

Bess outstanding cheeks 3,678.45 

True balance June 30, 1912 33, 060. 09 


The vouchers representing payments from the Smithsonian income during the 
year, each of which bears the approval of the secretary, or, in his absence, of 
the acting secretary, and a certificate that the materials and services charged 
were applied to the purposes of the Institution, have been examined in connec- 
tion with the books of the Institution and agree with them. 

(Signed) William L. Yaeoee, 

PubliG Accountant and Auditor. 

All moneys received by the Smithsonian Institution from interest, 
sales, refunding of moneys temporarily advanced, or otherwise, are 
deposited with the Treasurer of the United States to the credit of the 
Institution, and all payments are made by checks signed by the secre- 
tary. 

The expenditures made by the disbursing agent of the Institution 
and audited by the Auditor for the State and Other Departments are 
reported in detail to Congress and will be found in the printed 
document. 



Your committee also presents the following summary of appropria- 
tions for the fiscal year 1912 intrusted by Congress to the care of the 
Smithsonian Institution, balances of previous appropriations at the 
beginning of the fiscal year, and amounts irnexpended on June 30, 
1912: 


Available 
aitei July 1, 
1911 


Balance 
June 30, 1912. 


Appropriations ooinmlttecl by Congress to the caie of the Institution. 

International Exchanges, 1010 . 

International Exchanges, 1911 

International Exchanges, 1912 

. American Ethnology, 1910 

American Ethnology, 1911 

' T '1 r- ■p-'i-’-nV — 10’^ 

,1. . 1 (>',•■ . ,1910 

'(J I T - ,1911 - 

Astropliysical Observatory, 1912 . 

International Catalogue, 1010 . 

International Catalogue, 1911 

International Catalogue, 1912 

Elevators, Smithsonian Buildmg. . . . 

National Museum- 

Furniture and fixtures, 1910 

Furniture and fixtures, 1911 

Furniture and fixtures, 1912 

Heatmg and lighting, 1910... . 

Heating and lightmg, 1911 

Heating and hghtmg, 1912 

Presei vation of collections, 191 0 

Presenration of collections, 1911 

Preservation of colleotioii<i, 1912 

Books, 1910 

Books, 1911 

Books, 1912 . . 

Postage, 1912 . 

Building repairs, 1910 

Hi’’ -gri,'' .''1. .. 

Jin ■ L-. ' ■ .11 ■ 

N: .oi ■ •','il' 1 '. . . 

-Na ni- ' /o ' r I . 

Ni ion 'I I .. I’ i’ I ■' 

1 


$11.47 
2,323 68 

32.000 00 
237 06 

2,644 60 

42.000 00 
119 42 

1,063 22 
18,000.00 
1 71 
437. 12 

7.500.00 
946 06 

60 20 
34,166 16 

176.000 00 
3,692.42 
9,668 IX 

50.000 00 
8,461 84 

20,623 80 

300.000 00 

19 56 
608 05 

2.000 00 
500. 00 

20 30 
3,513.87 

15.000 00 
22,902 78 

4 56 
6,689 53 
100,009 00 


I $0.47 
6 02 
2,973.13 
1229.68 
580 64 
2,576.64 
1119 42 
213.83 
3,802.73 
11.71 
4.50 

682.04 
946.06 

160.20 

287.04 
37,359.32 
13,692.42 

4, 153 20 
4,036.43 
1 6, 786.11 
7,030.94 
8,932.37 
18,22 
42.76 
690.30 


120.30 
108 19 
4,761 95 
1,675 65 
14.56 
10 74 
4,970.35 


1 Carried to credit of surplus fund. 


Statement of estimated income from the Smithsonian fund and from other 
sources, accrued and prospective, availahle during the fiscal year ending 
June 30, 1913. 


Balance June 30, 1912 $33, 060. 09 

Interest on fund deposited in Unltecl States Treasury, 

due July 1, 1912, and Jan. 1, 1913 $56, 695 00 

Interest on West Shore E E bonds, due July 1, 1912, 

and Jan. 1, 1913 1,680.00 

Exchange repayments, sale of publications, rentals, etc— 8, 500. 00 

Deposits for specific purposes 12, 000. 00 

78,875.00 


Total ayailable for year ending June 80, 1913 111, 935. 09 


Respectfully submitted. 

A. O. Bacon, 

Ahexandee Geaham Bell, 
John Dalzell, 

Executive Committee. 

Washington, D. C-, November 1912. 




PROCEEDINGS OF THE BOARD OF REGENTS OF THE SMITHSON- 
IAN INSTITUTION FOR THE YEAR ENDING JUNE 30, 1912. 


At a meeting of the Board of Eegenls, held December 14, 1909, 
the following resolution was adopted : 

Resolved, That hereafter the Board of Eegents of the Smithsonian Institu- 
tion shall hold their annual meeting on the second Thursdas' in December, and 
a supplementary meeting on the second Thursday in February. 

In acordance with this resolution the board met .at 10 o’clock a. m., ' 
on December 14, 1911, and on February 8, 1912. 

AWITUAIj WCEETIITG, DECBMBEE 14, 1911. 

Present: Hon. James S. Sherman, Vice President of the United 
States, chancellor, in the chair; Hon. Edward Douglass White, Chief 
Justice of the United States; Senator S. M. Cullom; Senator Henry 
Cabot Lodge; Senator A. O. Bacon; Eepresentative John Dalzell; 
Eepresentative James E. Mann; Mr. William M. Howard; Dr. 
Andrew D. White; Dr. Alexander Graham Bell; Mr. Charles F.^ 
Choate, Jr.; Mr. John B. Henderson, Jr.; and the secretary, Mr. 
Charles D. Walcott. 


APPOINTMENT OF REGENTS. 

The secretary announced the appointment of the following Ee- 
gents : By the President of the Senate — Senator Heniy Cabot Lodge, 
for his senatorial term of six years ; by the Speaker of the House — 
Eepresentatives John Dalzell, Scott Ferris, and Irvin S. Pepper, to 
serve until December 24, 1918; by joint resolution of Congress, ap- 
proved by the President March 1, 1911 — ^Mr. John B. Henderson, jr,, 
for six years, to fill the vacancy caused by the resignation of Hon. 
John B. Henderson. 

RESOLUTION RELATIVE TO INCOME AND EXPENDITURE. 

Senator Bacon, chairman of the executive committee, presented the 
following resolution, which was adopted : 

- Resolved, That the income of the Institution for the fiscal year ending Jnne 
30, 1913, be appropiiated for the service of the Institution, to be exiiended by the 
secretary, with the advice of the executive committee, with full discretion on 
the part of the secretary as to items. 
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ANNUAI. REPORT OP THE EXECUTIVE COMMITTEE. 

Senator Bacon submitted the report of the executive committee for 
the fiscal year ending June 30, 1911, stating that the members of the 
board had been supplied with copies in printed form. 

On motion, the report was adopted. 

ANNUAL REPORT OF THE PERMANENT COMMITTEE. 

The secretary, on behalf of the permanent committee, presented the 
following report to the board : 

^‘‘Cottrell patents . — Announcement was made at the meeting of 
February 9, 1911, of a proposed gift to the Institution, made through 
Prof. F. G. Cottrell, of royalty-bearing patents. The board, after 
discussion, adopted a resolution referring the matter of the suggested 
donation to the permanent committee. 

“Tour committee has carefully considered the proposition and is 
of the opinion, strengthened by the opinions of Judge Gray and Mr. 
Charles F. Choate, jr., Regents of the Institution, that it is inad- 
visable for the Institution to accept the direct ownership of such 
patent rights, but that there might be no objection to receiving the 
net profits of such a gift. The committee respectfully presents the 
following draft of resolutions to the board for such action as it may 
deem proper : 

“ Resolved, That the Board of Regents of the Smithsonian Institution do not 
jdeem it expedient for the Institution to become the direct owner of the proposed 
gift of royalty-bearing patents ; 

“ Resolved^ fu) tliev. That the Board of Regents of the Smithsonian Institution 
decide that the Institution may properly accept a declaration of trust from the 
owners of the patents to hold and operate the same in the interest of the Insti- 
tution, and to pay over to the said Institution the net profits therefrom.” 

[The secretary described the nature of the patents, covering the 
processes used in the precipitation of solid particles from gases and 
smoke produced in smelters and cement plants. He stated that con- 
siderable injury had been suffered by orchards and crops in the neigh- 
borhood of the great cement plants in California, and that the com- 
panies had been subject to damage suits. The precipitation process 
had removed the particles of cement from the smoke and gases. Fur- 
thermore, the smoke in some smelters had been found to contain lead 
and other metals which could be removed by this process and thus 
save what otherwise would be lost. It was ’desired to form a com- 
pany of business men and experts who could manage the patents and 
turn over the profits to the Institution. The work of the members 
of this company would be largely altruistic. They would give their 
attention to its affairs very much in the same manner as the Regents 
conduct the affairs of the Institution. They would employ a capable 
manager and assistants, who would look after the management and 
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commercial development of the patents. In this connection it Avould 
seem desirable that the company should have the support of the 
Institution to the extent that the secretary and the permanent com- 
mittee, if desired, could take up with the members of the company 
the question of the appointment of the members of the board of di- 
rectors, that they might be of such experience and ability that the 
best results would be secured from the patents. Without such co- 
operative support, it was doubtful whether the men best fitted to 
guide the affairs of the company would be willing to serve on the 
board of directors. This would not involve the management of the 
business bj'- the Smithsonian Institution, but would strengthen the 
board of directors by the feeling that they had the opportunity of 
consulting with the secretary. 

The secretary remarked further that the offer had come through 
Prof. F. G, Cottrell, professor of chemistry in the University of 
California. He represented a company which had been organized 
for the i^urpose of developing and carrying on the process. They 
desired to present the patents to a learned institution as a foundation 
for a research fund, and had decided to offer them to the Smithsonian 
Institution.] 

After discussion, on motion, the resolutions were adopted. 

[At this point Prof. Cottrell was introduced to the board and made 
a brief statement showing the development of the “ Precipitation 
process ” work, and assuring the board that it was proposed to give 
to the Institution the very fullest freedom in the use of the fund, he 
and his associates not wishing to be represented in the least degree, 
though desiring to assist in any manner possible. 

Prof. Cottrell gave several instances of the establishment of plants 
ranging from a cost of $2,000 for the first one to a cost of about 
$125,000 for one soon to be erected, and explained that their work 
covered the abating of smoke nuisances, as well as the economic object 
of saving the solids in the gases and smoke. In this way it was esti- 
: mated that one company would save from $50,000 to $100,000 a year 
by the precipitation of lead from the smoke passing out of its stacks, 
and others had been saved damage suits by the precipitation of mat- 
ter contained in the gases and smoke passing into the air, which had 
formerly done great injury to crops.] 

“T’Ae George W. Poore loeguest . — The committee also took under 
consideration the matter of the George W. Poore bequest. The board 
will remember that at the last meeting it was announced that Mr. 
Poore had made the Institution the residual legatee of his estate, 
■wliich was estimated to be worth about $10,000, under the condition 
that the income from this sum should be added to the principal until 
a total of $260,000 should be reached. Mr. Choate has been very 
kindly looking after the interests of the Institution and has reoom- 
85300 '— sir 1912 -Q 



mended that the executor be authorized to sell at the best prices ob- 
tainable the several lots of real estate included in Mr. Poore’s hold- 
ings. The executor submitted his appraisal of these properties, and 
an independent appraisal has also been made by a real estate broker 
of Lowell. These differed so widely that your committee has thought 
it best to request Mr. Choate to direct that a third appraisal be made 
by a totally disinterested party. Mr. Choate has consented to see 
that this is done at the earliest possible moment. 

“ The Langley ]\Io7mm'ent fund. — ^hlr. J. D. Lyon, of Pittsburgh, 
Pa., has requested the Smithsonian Institution to receive contribu- 
tions for the purpose of erecting a monmnent to the late Secretary 
Langley, in commemoration of his work in the science of aviation. 
Mr. Lyon inclosed his personal check for $200 as a beginning of the 
fund. Your committee sees no objection to the Institution acting as 
the custodian of such a fund, nor to the secretary taking the matter 
up informally with the Aero Club of Washington. 

“ The Hodghins and Avery funds . — These funds remain in the 
same condition as last reported.” 

[The secretary said that in connection with the Langley Monument 
fund he desired to add to the report that he had heard from the sec- 
retary of the Aero Club, who assured him that the matter in question 
would be jilaced before the officers and members of the club.] 

On motion, the report of the permanent committee was accepted. 

ANNUAL KEPORT OF TUB SECRETARY. 

The secretary presented his report of the operations of the Insti- 
tution for the year ending June 30, 1911, stating that it was already 
before the Regents in printed form. 

In this connection the secretary pointed out to the Regents the pub- 
lications that the Institution had issued during the year, which had 
been arranged on top of a bookcase, and said that since the last annual 
meeting in December, 1910, the Institution and its branches had 
printed a total of 173 publications, aggregating about 9,000 pages of 
test and 600 plates of illustrations. Included in this aggregate were 
62 volumes and pamplilets (1,640 images and 151 plates) published by 
the Institution proper; 105 volumes and pamphlets (4,123 pages and 
319 plates) by the National Museum; and 12 volumes and pamphlets 
(3,300 pages and 120 plates) by the Bureau of American Ethnology. 

During the year the Institution and its branches had distributed 
about 200,000 copies of their various publications. The publications 
issued by the Institution proper comprised the Langley Memoir on 
Mechanical Flight, a new edition of the Smithsonian Physical Tables, 
a series of papers descriptive of some of the results of the African 
expedition and of the biological survey of the Panama Canal Zone. 
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and of biological and geological work in the Canadian Tlockies and 
anthropological work in Peru. The annual report of the Institution 
for 1910 was also issued as a complete volume and in small editions 
of the 34 papers in the Appendix on the usual wide range of topics. 
There were also in press a Bibliography of Tin, a report on the geo- 
logical structure of the Alps, a physical study of the natives of the 
Kharga Oasis in Egypt, and several zoological and botanical papers. 

The secretary added that the Museum publications were devoted 
almost entirely to biological topics, and that tho^e of the Bureau of 
American Ethnology related chiefly to researches on the history, 
languages, and habits and customs of the American Indians. 

On motion, the report was accepted. 

THE LANGLEY MBJIOEIAL TABLET 

Senator Lodge, chairman of the committee on the Langley memo- 
rial tablet, presented the following report on behalf of the committee: 

“ Since the report of your committee at the last annual meeting of 
the board, on December 8, 1910, Mr. Jolin Flanagan has presented a 
plaster cast of the model of the tablet for consideration. 

“As the result of its deliberations your committee suggests the fol- 
lowing resolution for such action as the board may see fit : 

Resolved, TJiat the tablet as presented to-day be accepted; and (hat in addi- 
tion to the sum of $300 for the model the sculptor be p.iid the sum of $1,000 for 
casting in bronze and chasing and delivering the finished tablet readj for erec- 
tion in the Institution building, the tablet to contain the following wording: 

SAMUEL PIEEPONT LANGLEY 
1834-1900 

Secretary of the Smithsonian Institulioii 
188T-1906 

Discovered the relations of speed and angle of inclination to the lifting power 
of surfaces moving in air 


“ I have brought to a close the portion of the work which seemed to he specially 
mine, the demonstration of the practicability of mechanical flight ” 

“The great universal highway overhead is now soon to be opened” — LvXfirnY. 

1901. 

On motion, the resolution was adopted. 

ACKNOWLEDGMENTS. 

The secretary read the following letter from the Hon. John B. 
Henderson, whose resignation as a Eegent took effect March 1, 1911; 

Makch so, 1911. 

Deae Mb. Walcott: ! am much gratified and pleased by the receipt of the 
beautifully engrossed resolutions and of your very kind and ai>iireciative letter. 
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My association with the Institution was always delightful, and I need hardly 
say that I shall continue as long as I live to take the keenest interest in the 
pi'ogress and welfare of the Smithsonian. With many thanks, I am, 

Very sincerely, yours, 

J. B. Hehdebson. 

The secretary also read the following extract from a letter in rela- 
tion to the resolutions .adopted by the board on the death of Chief 
J ustice Fuller : 

These resolutions are a fitting and appropriate tribute to the late chancellor 
of the Institution, a man of such amiable and attractive character that I cun 
not doubt his associates on the board sincerely mourned their loss in his death. 
I beg to express my appreciation of the action of the board In this matter. 

THE EtILLBR MEMORIAL 

The secretary stated that at the meeting of the board held Feb- 
ruary 9, 1911, the following resolution was adopted : 

Resolved, That the secretary he requested to prepare a suitable memorial of 
the life and work of the late Chief Justice Melville W^eston Fuller, chancellor 
of the Smithsonian Institution from 1888 to 1910, which memorial is hereby 
declared approved for inclusion in the next annual report of the Board of 
Regents. 

The secretary desired to report that in accordance wdth the require- 
ments of the resolution he had prepared the memorial, which would 
be found in the aimual report just issued. 

SUNDAY OPENING OP THE NATIONAL MUSEUM. 

The secretary said that at the meeting of February 10, 1910, the 
board adopted a resolution directing the secretary to provide for the 
opening on Sunday “ for a period not longer than five hours of such 
portions of the National Museum as he may deem expedient.” 

He desired to report that the requirements of the re.solution had 
been fulfilled and that the new building had been opened to the 
public on Sunday afternoons, beginning October 8. Nearly two- 
thirds of the exhibition space had been made accessible by introduc- 
ing temporary installations where the permanent arrangements were 
not completed. That this innovation, which had been urged for many 
years, would greatly increase the usefulness and popularity of the 
Museum was indicated by the large attendance, which reached a total 
of 15,467 persons on the first day. This unusual number, largely in- 
duced by curiosity, was not repeated, but since then the daily Sunday 
average had been between 3,000 and 4,000, which is not greatly below, 
the weeldy average previously. 

IVliile the new building was structurally finished in June last, 
certain minor details remained to be completed, such as the painting 
of the interior of the rotunda and the final part of the work of grad- 
ing and road building, all of which had been since completed. 
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The best efforts of the staff were being directed toward expediting 
the installations in the exhibition halls. This work was advancing 
as rapidly as possible, but the preparation and mounting of speci- 
mens and the building of cases was requiring much more time than 
had been expected. 

The secretary then presented the following statements relating 
to explorations conducted, or participated in, by the Institution: 

BIOLOGICAL SURVEY OF THE PANAMA CANAL ZONE. 

“ The secretary’s report contained a statement of what had been 
accomplished in connection with this survey up to the end of June. 
It seemed desirable that the work should be continued for another 
year, and the secretary requested the Secretaries of the Departments 
of Agriculture and of Commerce and Labor to renew the details of 
specialists for the purposes of the survey. The requests have already 
received favorable consideration. 

“ Special attention will be given during the coming season to ver- 
tebrate animals, insects, crustaceans, rotifers and other minute fresh- 
water animals, and also to the microscopic plants known as diatoms. 

THE PAUL J. RAINEY AFRICAN EXPEDITION. 

“Announcement was made at the meeting of the board on Feb- 
ruary 9, 1911, that Mr. Paul J. Rainey, of New York City, had in 
contemplation an expedition in Africa for the purpose of collecting 
natural history specimens which he desired to present to the Smith- 
sonian Institution. At his request, Mr. Edmund Heller, one of the 
naturalists who went with Col. Roosevelt on a previous expedition, 
was designated to accompany Mr. Rainey. Mr. Heller left Wash- 
ington on February 17 with the expectation of remaining abroad 
about a year. 

“ The regions in which these explorations have been made lie 
mostly to the north of the territory covered by the Smithsonian 
African expedition, though short trips were made to the southward, 
nearly to the border of German East Africa. Several isolated moun- 
tains not hitherto visited by naturalists were carefully explored and 
the scientific results can not fail to be of great importance. 

“At the date of his last report, November 3, 1911, Mr. Heller had 
secured about 700 large mammals, 3,000 small mammals, and 250 
birds. Thanks to Mr. Rainey, this magnificent collection has cost 
the Government only its transportation from Africa and Mr. Heller’s 
salary and outfit. In the field Mr. Heller has been supplied wholly 
at Mr. Rainey’s expense with a corps of from 20 to 30 assistants and 
with every facility that money could procure. This unique oppor- 
tunity has been utilized to the fullest extent by Mr, Heller, and the 



Institution may regard itself as fortunate in having the cooperation 
of two such men. 

“ Mr. Eainey has intimated that he will probably conduct an ex- 
pedition in India next year, and that he will wish to hare Mr. Heller 
with him on that occasion also. 

THE CHILDS FEIOK EXPEDITION 

“ Mr. Childs Frick, of ISTew York City, has organized and financed 
an expedition into Abyssinia under his own leadership for the pur- 
pose of hunting and making natural history collections. The party 
includes Lieut. Col. Edgar A. Mearns, United States Army, retired, 
who, as the board will remember, accompanied Col. Eoosevelt on the 
Smithsonian African expedition. Col. Iilearus will collect and pre- 
pare birds which will be presented by Mr. Frick to the Smithsonian 
Institution for the National Museum collections. 

“ Col. Mearns sailed in November, expecting to meet the other 
members of the party in London, whence t hey were all to proceed to 
Aden, from which point they will cross the Gulf of Aden and go 
directly into the ivilderness. It is expected that the expedition will 
be in the field about seven months. 

H AM ILTON LECTURES!. 

“The board is aware that in 1874 Mr. James Hamilton made a 
donation of $1,000 to the Institution, the income of which was to be 
used for the purpose of providing lectures on scientific or useful 
subjects. The interest on this fund was allowed to accumulate until 
it had reached the sum of $1,000 which was added to the original 
bequest. Under this augmented fund, lectures have been delivered 
by Dr. Andrew D. White and Prof. George E. Hale. The third 
lecture will be delivered by Dr. Simon Flexner, director of the Eocke- 
fellfer Institute for Medical Eesearch, on the evening of February 8, 
1912, which, being the second Thursday in February, will be the date 
of the board’s spring meeting.” 

There being no further business, on motion the board adjourned. 


KB&ULAIl MEETING, EEBEUAET 8, 191!3. 

Present: Hon. James S. Sherman, Vice President of the United 
States, chancellor, in the chair; Hon. Edward Douglass White, Chief 
Justice of the United States; Senator A. 0. Bacon; Eepresentative 
Scott Ferris; Eepresentative Irvin S. Pepper; Hon. George Gray;' 
Dr. Alexander Graham BeU; and the secretary, Mr. Charles D. 
Walcott. 
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RESIGNATION OE DR. JAMBS B. ANGELL. 


The secretary read the following letter : 


Ann Arbor, Mich., January 15, 191^. 


Dr. C. D. Walcott, 

Secretary, Smithsonian Institution. 

Dear Sir: Alloir me to tender my resignation as a Regent of the Institution. 
I clo so reluctantly, as I have enjoyed my relations to the board and to yourself 
and to your predecessor. 

But I am sure it will he wiser to appoint in my place some one who can 
attend the meetings more regularly than in all probability I shall be able to 
do in the future 

With best \vish63 for the prosperity of the Institution, I am, 

Yours, very truly, 


James B Anqell. 


The secretary said that Dr. Angell had been first appointed a.s 
Eegent on January 19, 1887, and had therefore served in that capac- 
ity for over 25 years, being- in fact the dean of the “ citizen class of 
Regents. 

Dr. Bell offered the following resolution, which was adopted : 


Whereas the Board of Regents of the Smlthsoni.an Institution having learned 
that Dr. James Bnrrill Angell has tendered his resignation as a Regent, after 
an. honorable service in that capacity for over 26 years • 

Resolved, That the Regents desire here to record their sincere regret at the 
withdrawal from their body of so dlstingui.shed a colleague, their appreciation 
of the value of his services to the Institution, and their assurances that In thus 
lessening the burdens of a long and useful career he has their earnest wishes 
that the years remaiuing to him may be replete with health and happiness. 

The chancellor announced the adoption of the resolution, with the 
suggestion that, as customary, an engrossed copy be sent to Dr. Angell. 


COTTRELD RATENTS. 

The secretaiy briefly sketched the action of the board at the last 
meeting in adopting resolutions declaring that while the Institution 
could not accept the direct ownership of these patents, it would accept 
the net profits resulting there-from ; and stated that he had seen Prof. 
Cottrell several times since then in relation to the formation of the 
Research Corporation suggested for the purpose of handling the 
business in connection with the matter. He then, read the draft of a 
proposed charter for the corporation referred to, and said that the 
names mentioned were those of business men of wide experience — ■ 
men of affairs — ^who would be capable of administering' a trust of 
the nature described. 

He further said that a suggestion had been made that he, as an 
individual, entirely apart from his capacity as secretary of tlie In.sti- 
lution, should be in the corporation, to which the Regents consented. 
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■WORIC UNDER THE HARRIMAN TRUST FUND. 

The secretary said that the board had been informed of the trust 
fund established by Mrs. Edward tl. Harriman, to be administered 
under the direction of the Institution, for the purpose of an exhaust- 
ive study, of the life of ISTortli American mammals by Dr. C. Hart 
Merriam, an eminent biologist, who is thus occupying a position 
which has been previously designated as a Smithsonian research asso- 
ciateship. 

He stated that Dr. Merriam was engaged in the preparation of a 
comprehensive work and was also continuing field studies on the dis- 
tribution of animals and plant.s, particularly on the Pacific coast; 
that during the past year he had gone over his voluminous notes and 
manuscript accumulations of a lifetime and brought them together 
in convenient forrti for ready reference. 

He had been informed by Dr. Merriam that the first volume of his 
work on the mammals of North America, treating of the bears, was 
nearly ready for publication, and would probably go to press in a 
• short time ; that the second volume, treating of the wolves, coyotes, 
and foxes, was well in hand and Avould follow as early as practicable. 
The secretary said that in this connection it was gi'atifying to note 
that Dr. Merriam was receiving the cordial support of naturalists 
and museums throughout the United States and Canada, so that prac- 
tically all the museum material known to exist in American collec- 
tions had been placed at his disposal. 

It was further remarked that Dr. Merriam was also conducting cer- 
tain ethnological investigations among the little known and rapidly 
disappearing Indian tribes of California and Nevada; that from 
these he had already collected a large fund of original material, relat- 
ing chiefly to distribution, languages, and mythology, and had, in ad- 
vanced preparation, a book of creation stories and other tales, ar- 
ranged on the plan adopted in his volume on the myths of the Mewan 
Tribes of California, already published. 

REPORT ON EXPEDITIONS. 

The secretary then made the following statement regarding expe- 
ditions and other m.atters of general interest : 

“The Smithsonian African expedition under Col. Eoosevelt un- 
doubtedly created a wide interest among the friends of the Institu- 
tion, and opportunities have occurred to benefit by similar expedi- 
tions imderlaken by private initiative.” 

“ Biological survey of the Panama Garni Zone . — ^Mention has been 
made to the board and in the secretaiy’s reports of the biological sur- 
vey of the Canal Zone. The work has been under waj’' about a year 
and is not expected to be concluded until about the middle of the com- 
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ing summer. Data of much, importauce have been secured, and the 
results of the expedition will be certain to justify its organization. 
Many courtesies have been received from the Departments of Agi’i- 
culture, War, and Commerce and Labor in the assignment of special- 
ists for the woi'k, and from the Panama Steamship & Eailway Co. in 
providing for their transportation, and due acknowledgment has 
been made by the Institution. 

“ The Paul J. Rainey expedition . — ^The board was informed at the 
meeting on February 9, 1911, of the intention of Mr. Rainey to make 
an expedition into British East Africa for the collection of birds ami 
mammals, and of his invitation to the Institution to send a naturalist 
with him, who would prepare these collections which would be pre- 
sented to the Institution. Mr. Edmund Heller, who accompanied 
the >Smithsoniau African expedition, was designated for this duty, 
and left Washington on February 17 last. A brief report of the 
w'ork was made to the board at the December meeting. The expedition 
is now completed, Avith results most satisfactory to Mr. Heller, who 
is at jaresent in London studying types of mammals. lie Avill shortly 
return to Washington to put the collection in order, and a report on 
the expedition will be made later. 

The Child s Fnch expedition . — ISio information has been received 
from this expedition later than that presented to the board at the 
December meeting. 

'■'•Borneo expedition . — During the past 10 or 12 years Dr. W. L. 
Abbott, of Philadelphia, has been exploring the Malay Archipelago 
and has given all of his collections of vertebrates and ethnological 
material to the Institution for the United States National Museum. 
These contributions, so far as vertebrates are concerned, are undoubt- 
erly the most important ever received by the Museum from any one 
person. Illness has recently put an end to Dr. Abbott’s personal 
work, but his interest in the Institution, does not seem to lun’e abated. 
He has recently offered to pay the salary and expenses of a suitable 
man to continue the exploration of eastern Borneo, with the inten- 
tion of further adding to his generous gifts to the Institution. Upon 
acceptance of the off'er he engaged the services of Mr. Harry G. 
Raven, of New York, and placed at the disposal of the Institution 
the sum of $3,000 for the purpose of beginning the work. A very 
recent letter from Dr. Abbott, who is now in England, contains the 
information that he will transmit to the Institution a further sum of 
$2,000 in order to meet a total expenditure of $5,000 if necessary in 
the conduct of the expedition. The outfitting for the trip is now 
rmder way. 

“ Siberian expedition. — ^Dr. Theodore Lyman, of Cambridge, Mass., 
has recently invited the cooperation of the Institution in an expedi- 
tion to the Altai Mountains, Siberia, during the coming summer. 
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He offers to pay all expenses, except salary, oi a representative of tlie 
Institution, who will make natural-history collections, the mammals 
to be deposited in the Hatiojial Museum. Dr. Lyman is in corre- 
spondence with the American embassy at St. Petersburg as to the 
probable safety of such a journey, and will start at an early date if 
indications are favorable. It is expected that Mr. Ned Hollister, a 
Museum naturalist, will be designated to accompany Dr. Lyman. 

“ Smithsonian Algerian expedition . — For several years, as has been 
stated in the secretary’s reports, the Astrophysical Observatory of the 
Institution has been engaged in a studj^ of the solar constant of 
radiation. The work has been conducted under the immediate super- 
vision of Mr. Chajles G. Abbot, director of the Observatory, whose 
studies at Washington, D. C., and Mount Wilson and Mount Wliit- 
ney, OaL, indicated that the sun was probably a variable star, its 
radiations fluctuating from 2 per cent to 6 per cent during irregular 
periods of from 5 to 10 days’ duration. This lack of constancy was 
so important that it seemed necessary to test it further by means of 
simultaneous observations held at Momit Wilson and some other high- 
altitude station remote from that point where an equally cloudless 
atmosphere existed. 

“ Mr. Abbot selected Algeria for these additional observations, and 
in July last established a station at Bassour, where until November 
he carried on the work with the assistance of Prof. Frank P. Brackett, 
of Pomona College, California. Similar observations were made at 
the same time by Mr. L. B. Aldrich at the station on Moimt Wilson, 
which is separated from Bassour by a distance equal to about one- 
tliird of the earth’s circumference. 

“ Mr. Abbot, though hampered by some unexpectedly cloudy 
Weather, made successful observations on about thirty days, and while 
much computing and comparing' remains to be done before the final 
results can be stated, a strong hope is entertained that they will go 
a long ways toward definitely solving the question as to the varia- 
bility of the sun. 

“ The practical beai’ing of this work is important. Weather fore- 
casting is not as yet an exact science, being in fact, except in the 
matter of pronounced storms and hot and cold waves, but little more 
than refined guesswork. If radiation proves to be a strongly con- 
tinuing factor, forecasting would be much simplified. 

NATIONAL MUSEUM 

Freer oolleotion . — -Preparations are now in progress looking to 
the temporary exhibition, beginning in April, 1912, of a selection of 
objects from the Charles L. Freer collection of American and oriental 
art. One of the large halls in the new Museum building will be 
used for the purpose, and during a period of about two months the 
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public --will be given the opportunity of judging of the importance 
and varied character of this notable gift to the Nation. 

MARKET SHEDS 

“A bill has been introduced in the House of Representatives at 
this session (H. R. 19127) vdiich provides for the erection of steel 
shelter sheds for market purposes in the vacant squares, known as 
Haymarket Square, directly opposite the north front of the new 
building for the Museum, lldiile these sheds might tend to make 
the square more tidy and presentable than it is now, the placing of 
such structures there would point to an intended long occupancy for 
market purposes, which i.s mucli to be regretted. A sketch plan of 
the square was shown. 

INDIAN MEJIOBIAL BUILDING. 

“ Identical bills providing for an American Indian memorial and 
museum building and the assembling of a collection of objects re- 
lating to the Indians of North America were introduced in the Sen- 
ate and House at the beginning of this session. They are numbered 
S. 3953 and H. R. 1G313. 

“The National Museum is the legal custodian of the ethnological 
and arclneological collections belongingto the Government, and these 
are now assembled and their public exhibition amply provided for 
in a monumental building which has cost $3,500,000. It is not im- 
probable, however, that the movement instituted by the Order of Red 
Men of the United States might result in bringing to Washington a 
very large additional amount of Indian material which would bo of 
value; but, .should the measure receive favorable action Congress, 
the memorial should be placed under the supervision and control of 
the Regents of the Smithsonian Institution instead of the Secretary 
of the Interior. Only by such an arrangement could the proposed 
new collections be properly con’elated with those belonging to the 
national collections; and, furthermore, such relationship with the 
Institution would insure greater economy of management, as the 
Institution already has an experienced administrative staff in the 
National Museum. A representative of the Improved Order of Red 
Men has given assurance that such a relationship to the Institution 
would be entirely agreeable to the order, and, accordingly, when 
requested by the chairman of the House Committee on Public Build- 
ings and Grounds to indicate the In,stitution’s view of the bill, the 
following letter was sent; 

Januasy 22, 1912. 

Dbab Sie: I beg to acknowledge tlie receipt of your coinmnnication of the 
lath instant, inclosing a copy of H. R 16313, being a bill “Providing for the 
erection of an American Indian memorial and mnsenm bnilding in the city of 
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WaslilBgton, District of Columbia,” and requesting sueU data relating- Oiereto 
as I may be able to assemble. 

I would first note tbat the matter was originally brought to the attention of 
the Sixty-flrst Congress, third session, m identical bills submitted to the Senate 
and House of Uepresentatives, in which, while the erection of such a museum 
building was provided for, the precise object of the memorial was not stated. 
The present lull expressly defines the object of the museum, namely, to house 
such relics relating presumably to the American Indians as may be contributed 
for the purpo.se from private sources, one of which, a patriotic organization. Is 
speeiflcally mentioned. While it is not so stated, it is assumed that the contri- 
butions are intended to be of the nature of gifts to the Government and there- 
fore to become its absolute property, though the offer of loan exhibits is to be 
expected and their acceptance is to he considered a proper museum function. 

The National Museum, constituted, by act of Congress of August 10, 1840, a 
part of the organization of the Smilhsoiiiau Institution, is the depository for 
all Govenimeut collections, in which the subject of the American Indians is 
one of the most prominent and most extensively repi’esented. These collections 
have 3-esulted from Goi-erunient surveys and expeditions and from contributions 
from many private sources. In the new building recently completed for the 
National Museum at a cost to the Government of $3,500,000 and containing some 
10 acres of door space, about one-third of the area is devoted to the subject of 
ethnology and arehteology, illustrative mainly of the North Amenean Indians. 

Udth reference to the moinorml and museum provided for In H It. 1C313, I 
hai-e, be.«id6.s the facts recited in the bill, only certain general information 
obtained iiiformaliy, but I have been given to understand that if the proposed 
measure is carried out the influences back of it are sufficiently wide and 
potent to cause to be brought to Washington a large amount of material relat- 
ing to the Indians of the country, which would otherwise remain scattered and 
unavailable for study If this be the case, It would seem that much good 
might result from the movement. 

There Is one matter covered by the bill, however, to which I would invite 
special iiLtention It is proposed that the memorial be under the supervision 
and control of the Secretary of the Interior I am not informed as to the posi- 
tion or wishes of the Department of the Interior in the matter, but I respect- 
fully suggest tbat, in case the bill be consiclGred favorably, the question of 
placing the memorial and museum under the custody of the Regents of the 
Smithsonian Institution be given serious thought, since with an experienced 
administration already established it would appear that the affairs of the pro- 
posed museum might be conducted more economically under the Institution 
than otherwise. The opportunity would also thus be afforded for coordinating 
the collections with those in the National Museum in such manner as to secure 
the best results for the public. 

The copy of the blil which you forwarded is returned herewith, as requested. 

Very truly, yours, 


Ohables D. Walcott, Secretary. 


fl'he honorable Mobhis Sheppabd, 

Chairman. Committee on PuWio Buildings and Grounds, 

United States Rouse of Representatives, Washington, D. 0. 
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DISTRIBUTION OF GOVERNMENT PUBLICATIONS ISSUED UNDER 

THE INSTITUTION. 

“In a message to Congress, dated February 5, 1912, the President 
transmits three reports from the Commission on Economy and EiR- 
ciency, one of which relates to ‘ The centralization of the distribution 
of Government publications.’ On this subject the President remarks 
as follows ; 

The first report recommends that the work of distributing documents be cen- 
tralized In the office of Supermtendent of Public Documents in the Government 
Printing Office as a substitute for the present method of distribution by each 
of the departments, offices, and bureaus issuing documents. The plan docs not 
contemplate any change In the authority which determines the persons to whom 
documents shall be sent, but only that the physical work of wrapping, address- 
ing, and mailing the documents shall be done at one place, and that the place 
of manufacture. 

Documents are now printed and bound at the Printing Office and conveyed to 
the several departments and bureaus, where they are wrapped and .addressed and 
sent to the post office, and afterwards from the post office to the railroad station, 
which is near the Printing Office. One result of the proposed plan will be to 
eliminate this unnecessary transportation of the large number of doeumenls 
annually issued by the departments. Departments will be relieved of the 
trouble and expense of handling, storing, and accounting for documents ; a bel- 
ter control can be exercised oi^er the number of copies of a document to bo 
printed at one time, or, when printed, the number to be bound from time to 
time; and the accumulation of undistributed copies of the same documents in 
Several offices will be avoided. 

The centralization of the work of wrapping and addressing documents will 
permit the use of the most improved mechanical devices and a saving of labor 
that is not possible when the work is done in many offices. 

I approve this recommendation of the commission and commend it to the 
favorable consideration of the Congress. 

“ It is considered that the Institution is itself better prepared to at- 
tend directly to the distribution of its publications in the interest of 
the trusts confided to the Kegents than through any outside agency. 
The publications of the Institution are not an incidental result of its 
work, but something planned for and systematically executed. The 
Institution keeps in touch with all the principal scientific and art 
establishments of the world, and with all experts in science and art 
who are promoting work in a line with its own, or who are in posi- 
tions to help in securing collections, information, or advice. With the 
exception of certain public libraries, its mailing lists are, therefore, 
undergoing constant changes. The publications constitute an im- 
portant asset, and through their judicious distribution have brought 
returns which could not have been obtained in any other vfay. 

“ Furthermore, a large proportion of the publications bear a date 
of issuance and must be mailed by or on that date to retain their 
value. They are received from the Printing Office from two to three 
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days in advance of the date, and it is inconceivable that any outside 
agency conld be relied upon to insure their distribution with the 
promptness demanded. It is, consequently, felt that the control of 
this distribution should remain where it is. 

“ Reports on this subject were made to the President and to the 
Conunission on Economy and Eificiency under dates of September 
27 and November 8, last, and in these it was shown that tlie distri- 
butions were made on an exceedingly low basis of cost. In fact, 
all publications except those of the IMuseum are stored in and dis- 
tributed from the Smithsonian building, wdiich the Government is 
using without cost. The actual labor of wrapping, labeling, and 
handling the Smithsonian reports is furnished by the Institution 
and not by the Government. And from all points of view the trans- 
fer of the actual work of distribution to another establishment would 
distinctly tend to reduce the scientific value of the Smithsonian 
publications and to curtail the benefits wliich the Institution is de- 
riving from them.” 

SMITHSON HELIOS. 

“For many years the Smithson relics, those personal belongings 
that were a close and intimate part of the life of the founder, have 
been cared for m one of the south tower rooms known here as the 
old Regents’ room, because of its fonner use by the Regents for their 
meetings. This room is quite inaccessible, so it was decided to 
arrange the relics, temporarily at least, for exhibition in the central 
portion of the main hail of the Smithsonian building. They are in 
special cases under constant supervision, and have aroused a deep 
interest among those who ai^e acquainted with the history of the 
Institution. Among the relics may be seen ; 

Copy of the mati'ieulation register of Oxford University, showing the name 
by which Smithson was known in 1782 — James Lewis Macie. 

Several portraits of the founder. 

A portrait of his father, Hugh Smithson, Duke of Northumberland. 

Visiting cards. 

Dinner cards. 

His library. 

Printed copies of papers on chemical subjects, written by Mr. Smithson. 

Collection of autographs of scientific men, on notes written to Mr. Smithson. 

His will, showing the wording that made the Smithsonian Institution possible. 

[Incidentally, the secretary spoke of the collection of photographic 
portraits of Regents being made for permanent preservation, and 
which was on exhibition in the main hall.] 

ADJOURNMENT. 

There being no further business, on motion, the board adjourned. 
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ADVERTISEMENT. 


The object of the General Appendix to the Animal Report of the 
Smithsonian Institution is to furnish brief accounts of scientific dis- 
covery in particular directions; reports of investigations made by 
collaborators of the Institution; and memoirs of a general character 
or on special topics that are of interest or value to the numerous 
correspondents of the Institution. 

It has been a prominent object of the Board of Regents of the 
Smithsonian Institution, from a very early date, to enrich the annual 
report required of them by law with memoirs illustrating the more 
remarkable and important developments in physical and biological 
discovery, as well as showing the general character of the operations 
of the Institution; and this purpose has, during the greater part of 
its history, been carried out largely by the publication of such papem 
as would possess an interest to all attracted by scientific progress. 

In 1880 the secretary, induced in part by the discontinuance of an 
annual summary of progress which for 30 yoaiu previous had been 
issued by well-known private publishing firms, had prepared by com- 
petent collaborators a series of abstracts, showing concisely the prom- 
inent features of recent scientific progress in astronomy, geology, 
meteorology, physics, chemistry, mineralogy, botany, zoology, and 
anthropology. This latter plan was continued, though not altogether 
satisfactorily, down to and including the year 1888. 

In the report for 1889 a return was made to the earlier method of 
presenting a miscellaneous selection of papers (some of them original) 
embracing a considerable range of scientific investigation and dis- 
cussion. This method has been continued in the present report for 
1912. 
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THE YEAE’S PKOGRESS IN ASTRONOMY.’ 


By P PuiSEUX, 

Member of the Academy of Sciences, Professor at the Sorhonnc, Astiommcr at the Pans 

Observatory. 


I. 

It is an illogical peculiarity of the human inhitl that wliile it can 
not comprehend an infinite material universe it readily refuses to 
limit it. Those celestial objects which hide themselves from our 
curiosity by their almost inconceivable distances arc to the astron- 
omer the most attractive of all. He dislikes to realise the invariable 
appearance of the nebulee, or that he can not measure their distances 
with any approach of accuracy. Because he can find no better mode 
of inquiry he improvises one based upon a reasonable evolutionary 
theory. These impalpable phantoms ho puts to the tests of his 
laws of mechanics, of physics, to the reactions of chemistry, a, legiti- 
mate procedure, since it suggests consequences tho verification of 
which he may attempt. 

The spiral nebulEe, with their sharply defined structure and a 
spectrum wMch is a weakened replica not too much altered of the 
sun, takes us into a region relatively well known. But when we 
consider the gaseous nebulse, those pale, undefined flakes so constituted 
that they have defied the power of time, how can wo establish any 
connection between them and our daily experiences? Their spec-- 
trum brings us little help. It shows in the most favorable circum- 
stances four bright enigmatic lines with a few others which can be 
identified as due to hydrogen or helium. 

We can not bon’ow any of the substance of the nebulaa for analysis 
in our laboratory. To look upon each unknown lino as an indication 
of a new element would be easy but futile. It might be useful, on 
the other hand, to invent some molecular structure for some one 
single element (which we will call nebuhum) capable of producing all 
the lines of unknown origin. That is just what J. W. Nicholson ® has 
done, who applied the theory of Jolmstone Stoney and Ritz regarding 

> Translated by permission from Bevue gSniSrale des Sciences pures et appliquees, Bails, June 30, 1BL2, 
pp 47i-47R. 

s Scssron of the Royal Asfaonomical Society, Not. 10, 1911. 
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the origin of spectrum limes. With four negative electrons revolving 
about a positive central body, 12 of the mysterious lines were explained, 
and witli these several others which were attributed with no great 
certainty to hydrogen and helium. 

This demonstration, of course, leaves much to be desired. But 
it is evident in what direction we must proceed to complete it. It isj 
very probable that hydrogen and helium, because of their complex , 
spectra, are not simple elements. What glory it would be if by^ 
some well-chosen process we could decompose either of them and 
make the complete spectrum of nebulium appear in our laboratory! 
Astronomers could then hand over to the chemists a conquest even 
more precious than was the discovery of helium. f 

While waiting for the realization of this bold synthesis we con-'| 
tmue to proceed by analysis and classification. All the conclusions.''- 
formerly held about nebulae demand revision because of the amount 
and Value of the recently obtained photographic evidence. Re-' 
cently A. R. Hinks * has devoted himself to such an analysis. With|[ 
his wonted precision he has defined the characteristics wliich distind’^ 
guish the various classes of nebulge and star clusters and has found|, 
for each class its law of distribution in the heavens. We must dis-; 
card the convenient and very simple law which stated the frequency 
of the occurrence of nebulae and clusters as a function of the galactic i 
latitude only. /■ 

There is a clearly marked distinction between the stellar and plane-' 
tary nebulae as well as between the annular and sphal ones. Thi^., 
fact gave Stratton ® a strong argument against the theory of T J. 

See, who attributed a common origin to the last two kinds. Th^t 
cosmogony of See, far outrunning the possibility of experimental (y 
evidence, creates other difficulties, and it seems to us that it hali‘ 
made no progi’css since its appearance toward bemg accepted. Th^P' 
same thiug can be said of the mutual collisions of stars. Bickerton 
has come forward as an advocate of them, and they should, accord-, 
ing to him, give birth to double stars as well as to planetary systems,'' 
A hazardous theory may prove useful because of the verifications it 
necessitates. For instance, Monk'‘ showed that we ought to keep tab 
on the displacements of the spectrum lines so as to know in advance ■, 
of imminent collisions, and Forbes ® demonstrated that by a similar 
process we could obtain evidence concerning the rotation of certain 
stars about their centers. An attempt with encouraging results has 
already been made as to the latter problem at the Allegheny Observ- 
atory. 

^Moatlily Notices, May, 1911. . ' - '• 

“ The Ohservatory, September, 1911. 

‘ Session oi the Royal Astronomical Society, Jan. 2S, 1911. ; 

* The Observatory, vol. 2d, p. 202. ^ ' ' ' 

‘ Monthly Notices, yol. 72, p. 378. 
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The probability of a collision sometime in the globular clusters 
seems especially great. They are considered, with good reason, 
among the most curious objects in the heavens. If wm suppose that 
the closeness of the stars in these clusters depends on the distances 
of the stars from the centers of the clusters, then we may get their 
real distances from their apparent distances. IT. C. Plummer ’• did 
so for M 13 and found groupings which would have been predicted 
by the theory of gases in convective and isotheimal equilibrium. 
This is one more fact to make us believe that in clusters as well as in 
the nebulae the force of gravitation is absent or held in check b}' some 
repulsive force. 

We uideed go yet further and ask whether the law of Newton is 
always applicable among the stars relatively near for which we have 
been able to measure the parallaxes and proper motions. We possess 
decided evidence in favor of the affirmative from binary stars, in 
the fact that their proper motions follow du'ections'more often par- 
allel to the galaxy than perpendicular. But there are also motives 
for doubt. 

W. W. Campbell, by means of his valuable catalogue of the radial 
velocities of stars, has shown that the Orion spectrum type is always 
associated with small velocities. This suggestion, resulting from no 
preconceived idea, quickly underwent broader developments. It 
has consequently become of philosopliical interest. We seem to have 
gained now in the old system of classifying the stars, which was 
founded upon increasmg complexity in their spectra, at the same 
tinie an ascending scale for their velocities and a descending one for 
their masses and distances from the sun. Of course there are often 
individual exceptions, and the above rules apply only when the 
stars are averaged in groups. 

The consequences of these generalizations have been skilfully 
follow'ed out by J. Halmd It was an advance to be able to use as 
criteria for a classidcation the masses and velocities, rather than 
the ages, temperatures, or spectrum types. The first two properties 
are more fundamental and more apt to enter into our formulae. The 
existence of a correlation between the masses and the velocities is 
even more worthy of remark. It makes us wonder whether there 
is an equipartition of energy between the groups of stars just as 
there is between the molecules of a gas in equilibrium. Such a state 
would not have resulted under the influence of a Newtonian field of 
force including all the stars. Such movements are rather the final 
consequence of an initial velocity varying widely between neighboring 
stars. Further, the predominance of yellow stars near our sun and 
of white stars farther away, the existence of an eUiiisoidal distribution 
of the trajectories in the central part of our universe, establishes 


'Moulhly Notices, vol. 71,p. 4G0. * Montlily Notices, vol. 72, p. 378, ^ Monthly Nodcea, vol. 71, p.610. 
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between the jiiilliy way and the great spiral nebulas a singularly 
closer analogy than we had felt warranted in supposing until quite 
recently. 

The new star discovered December 30, 1910, in the constellation 
of the Lizard, has followed its predicted career, fading rather slowly. 
It becomes more and more certain that temporary stars, even when 
they show the ruddy aspect of certain periodic variables, show les^ 
difference between the visual and photographic magnitudes. ^ 

The polar star often used as a standard for photometric compari- 
sons because it remams constantly at practically the same altitude, 
seems to have abdicated that rOle and passed into the ranks of the 
variable stars. In order to show its variability, Hertzsprung ^ 
went through the discussion of 418 photographs, each having four 
exposures. The variation amounts to 0.2 of a magnitude and takes 
place in less than four days. 


The step from variable stars to the sun is very easy. It is espe- 
cially so because of the recent work of C. G. Abbot.^ Measures upon 
the intensity of the solar radiation made simultaneously on Mount 
Wilson (1,800 meters altitude) and on Mount Whitney (4,420 meters) 
gave very concordant results and the paralleLmarch of the numbers 
places beyond doubt a very decided variability of the sun which may 
amount to a tenth of the total radiation within a few days. i 

The work of Abbot tends also to show that the precision with whichj 
we may state the temperature of the sun has been exaggerated. Therel 
are in the sun sources of heat from 5,000° up to some 7,000°. How| 
ever, the higher temperatures predominate. The infra-red radialioij 
comes from the deeper layers. - 

Some years ago the researches of Hahn appeared to indicate tha^. 
-the rate of rotation of the sun, varying as we knew with the .solars 
latitude, varies also synchronously with the sun-spot cycle. Tho 
investigation of this matter remams upon the program of the Edin-' 
burgh Observatory. But between tbe results obtained by Storey and' 
* those by Adams at Mount Wilson there is a systematic difference. It 
might be suspected that with one or the other the distance of the slit 
of the spectroscope from the edge of the sun was not correctly deterr* 
mined. Or the cause of the discrepancy may lie in the telluric oxygen 
hues used for comparisons. 

The established but not absolutely regular correlation wbieh exists 
between magnetic disturbances and the appearance of sun spots seem^ 
to have been made decidedly clearer by the researches of Bosler, of the 


1 Astroiior"i«ch(‘ 'STaphiifh^o’!. Xo (."ilS 

“lii'i.ou of in,-' .-.slinplij's','!.! OuEer\aKirv of the Smitlisonlau IniUliilion. 
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observatory at Meiidon. Bosler has succeeded in proving that in 
each locality there is a definite direction not only for the earth cur- 
rent but also for the disturbed magnetic field and this takes place as 
if due to the dhect action of a emrent upon a magnetized needle. 
Another result of the same research was to 'show yet more clearly that 
the years when the sun spots have been the most numerous have 
been those when Encke’s comet has been the most bnlliant. 

The total solar eclipse of April 28, 1911, was observed by several 
expeditions sent for that purpose to Vavau of the Tonga Islands. 
The weather was unfavorable. We must mention in passing one now 
result, the photograph taken by Father Cortie of the extreme red end 
of the bright fine spectrum. 

The army of minor planets continues to grow. The most hiter- 
esting without doubt was that observed on October 3 and 4 atVienna 
and Copenhagen and designated by the letters MT. Its motion deter- 
mined at that tune indicated that its distance was as small as that of 
Eros. But it could not be found again on subsequent days. Wc are 
forced to believe that its brightness varies rapidly and that it was 
visible on the earlier dates because of an exceptional temporary 
brightness. 

Bhkland, while trying to reproduce the solar corona by means of 
the luminous phenomena about an electrified sphere, got a very close 
representation of the ring system of Saturn. He was thus led to pro- 
pose a new theory of those singular objects. Particles of radiant 
matter, emitted from Saturn, reach a certain distance, make theu 
revolutions accordmg to the third law of Kepler, and serve as absorb- 
ers and resonators for the luminous energy coining from the sun. 

The flattening of the planet Max’s and the orientation in space of its 
' axis of rotation rested until recently upon very discordant data from 
the micrometer. H. Struve, in a communication to the'Berhn Acad- 
emy of Sciences (Nov. 30, 1911), showed that by a very laborious but 
sui'cr process depending on the variations in the orbits of its satellites, 
he had reached much better values. The best series was furnished 
by the powerful instruments of the Lick and the Yerkes Observa- 
tories. A very useful series of photographs of the satellites was ob- 
tained at the observatory at Pulkova by Kostinsky. The figure 190.4 
for the reciprocal of the flattening and 202.7 for the ratio of the force 
of gravity to the centrifugal force at the equator will doubtless receive 
only insignificant changes. 

The topography of the moon will now have a more sohd basis as the 
result of the catalogue of 2,885 objects published by Saunder and 
based upon measures of plates taken at the Paris and the Yerkes- 
Observatories. It is already in use at the Paris Observatory in a 
study of the hbration of the moon. The imeertainty of a position 
derived from tliree plates appears to be less than 0.15^'. On our own 
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globe there are many extended regions wMcb have no points so accu- 
rately determined. 

The year 1911 saw published the tables of the moon based upon the 
theory of Delaunay and forming volume 7 of the Annales du Bureau 
des Longitudes. An introduction of 112 pages, where not a line is 
superfluous, allows us to form an idea of the mangitude of the task. 
Delaunay, Tisserand, and B. Kadau have successively given to the 
task the last years of their lives and were assisted by Schulhof. An 
analogous undertaking was carried out in ikmerica by Prpf. E. Brown ; 
the French astronomers by finishing first have honorably maintained < 
the tradition established by Laplace and Lc Vender. All the errors, | 
although very small, known in the works of Hansen and Delaunay, 
have been corrected. But it was impossible to break away from all 
empiricism and there remains an inequality of long period (273 years) 
discovered by Newcomb. Newcomb gave up trying to find an expla- 
nation. More optimistic, R. Radau believes the cause can be found 
in cosmic dust and the infra-mercurial planets. i 

A new determination of the parallax of the moon, due to the collabo- 1 
ration of the Cape and the Greenwich Observatories has been carried 
out after six years of work.^ The value generally used was confirmed. 

III. 


The result, at first sight rather small, of a considerable effort, is not.j 
to be understood as minimizing the desire often expressed of substi-| 
tilting for the classic method of charting the sky more rapid and mor£>f 
iKicuratc methods. What is aimed at everywhere is the suppression’i 
of the measures of moderately large angles by the readings of divideif 
circles. More confidence is placed in measures of time inteiwals andj’- 
the extension of such a method is to be expected. 's''' 

W. E. Cooke proposed, for the determination of right ascensions^ 
not to use a meridian circle but rather a telescope whose optic axif 
when rotated about a vertical axis intersects in the heavens a small 
circle parallel to the horizon. We could by such means divide the 
celestial equator, or any parallel circle with an accuracy comparable 
with the precision of our best clocks. The decimation of the stars 
would be determined from the times when they reached a determined 
altitude. The axis of the telescope must therefore be maintained at 
a constant altitude. At various times the reahzation of this condi- 
tion has been attempted with telescopes on floating mounts. Cooke 
places faith in a vertical axis and level. 

Among the disadvantages of the meridian instrament is the neces- 
sity that each celestial point has to be separately detei'mined and that 
great intervals can not be measured as accurately as small ones. 


t Session of the Soyal Aatrononiical Society, May 12, 1911. 
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That photography can deal with small intervals with rapidity and 
great accuracy has been repeatedly shown. But it is desired to 
free the photographic plate from any dependency upon the merid- 
ian circle, fl. H. Turner^ has devised a very complete scheme. 
He proposes to gather, on the same plate, images of verjr distant 
portions of the sky, and believes he can register with the necessary 
precision the beginning of each exposure. The plan of Tumor hi- 
cludes the use of two photographic telescopes mounted at right 
angles to each other in the equator and adjusted with a prismatic 
mirror. The project has received the approbation of the Astronom- 
ical and Astrophysical Society of America.^ 

But these methods have not received such emphatic approval 
everywhere. Before the Boyal Astronomical Society Sir David Gill, 
Sir William Christie, and A. E. Coni'ady showed numerous reasons 
for fearing errors in the use of the new methods. According to them, 
the status of the meridian circle in fundamental astronomy is not 
yet in any way undermined. 

In the past rival processes, even when recommended by illustrious 
names, have not realized the hopes of their promoters. Such was the 
case with the zenith telescope, or the alt-azimuth as introduced at 
Greenwich by Airy and the floating telescope in the hands of Chandler, 
Sampson, and Bryan Cookson. But it is true that photography 
introduces a new element into the problem and the experiments now 
in progress at Oxford deserve attention. 

The resources of the photographic method will be yet greater when 
it is possible to utilize a greater field upon a single plate withou t the 
deformation of the images near the edges. Theoretically, curved 
plates could be employed which would comport better with the focal 
surfaces of the objectives. Such an attempt was made some 20 years 
ago at the beginning of the Celestial Chart project. It was not con- 
tinued in use because such curved plates were not adapted to the 
"micrometrical measuring machines. The difficulty has been over- 
come as the result of recent experiments at the Harvard College 
Observatory. The sensitive plate serves as the cover of a metallic 
box, from which the air may be removed. The atmospheric pressure 
upon the plate produces the desired curvature. When the air has 
been reintroduced, after the exposure, the plate losses its curvature 
and is developed and measured without difficulty. 

A conference wurs held in Paris in October, 1911, by the representa- 
tives of all the great nations wliich publish official ephemerides 
(Prance, Germany, the United Kingdom, the United States of Amer- 
ica). The resolutions unanimously adopted after very amicable dis- 
cussions win introduce important economies in efforts, which up to 


i Monthly Notices, vol. 71, pp. 422, 427. 


2 Tile Observatory, vol. 34, i). 233. 
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the present time have been duplicated. The positions of the planets 
will be determined only by two independent systems of tables. 
Greenwich time will be universally used for the ephemeridea and 
unity will be observed for the more important constants (solar paral- 
lax, precession, nutation, aberration) . The campaign actively pushed 
during recent years for carrying the aberration constant from 20.47" 
up to 20.53" can be considered as having failed. The latter figure’ 
is irreconcilable with the solar parallax obtained from the general 
discussion of the Eros observations. 



THE SPIRAL NEBin^iE. ^ 


By r PtriMHUx, 

Member of the Acailcmy of ficiunces, Piofessor at the Sorhonne, Astronomer at the Paris 

Qhsenatouj. 


The people whom we claim as our dhect inlcllectual ancestors 
wished to find nothing in the sky but spherical forms and circular 
movements. The Greeks, lovers of an exact geometry, the Latins, 
enamored of order and logic, took pleasure in shnple combinations. 
They would not willingly admit into the celestial thi’ong clouds of 
indefinite and complicated form. Such indefinite forms must belong 
to the sublunar world. Comets, with their haiiy aspect, passed 
' as meteors, taldng their birth and vanishing within our atmosphere. 
In the Milky Way some saw an accidental derogation of the uni- 
versal order or the trace of an imperfect joining of the two halves 
of the celestial sphere. Others guessed it to be a mass of number- 
less stars, too small and too distant to be separately seen. There 
was no need, indeed no possibilt}^, of searching further. To those 
whom the idea of something beyond troubled, the existence of an 
"empyrean was conceded, a luminous region situated beyond the 
stars, to which only those had access whose souls had become freed 
from the bonds of flesh. 

„ But astronomy, no more than the other physical sciences, has 
kept within the bonds with which she was fettered in the name of 
pliOosophy. ISTo sooner was the telescope invented than several 
observers used it to explore the slcy. Then, as had been foreseen, 
the Milky Way was resolved almost entirely into separate luminous 
points. But, it is true, there were fornid a few refractory places, 
where the diffused whiteness persisted in filling the field of the tele- 
scope. Even outside the limits of the Milk}’- Way, several such 
masses, more or less perceptible to the naked eye, refused to be 
decomposed. Shnon Marius, in 1612, noted the great nebula of 
Andromeda, which suggested to him the comparison, somewhat 
trivial yet suggestive, of the flame of a candle seen tlirough horn. 
This pale glow, watched for many yeai-s, seems to rest absolutely 

t Address delivered before Ihe Sopidld dea Anus de rOmveis.f(5, Feb. 1, 1912 Ttanalated by permJs- 
bIqu from Revue Seieutifique, Fans, Airr. 0, 1912, pp. 417-422. 
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unchanged when compared with the adjacent stars. It is therefore 
neither a planet nor a meteor. It belongs to our sun no more than 
to the earth. Accordingly, if we admit the Copemican theory, we 
must attribute to this nebula colossal dimensions, far exceeding the, 
distance which separates the earth from the sun. 

Nor is the nebula of Andromeda an isolated case. Christian Huy; 
gens made a drawing in 1656 of a nebula in the constellation of Oriop-li 
a more brilliant and more extended object the outlines of wliich h | 
found very difficult to trace. On one side only was it sharply d^^ 
fined against the adjacent sky. Elsewhere it faded into indistinguis'^ 
able nebulosity. Does it not seem, mused Huygens, as if here we ai| 
looldng upon a new world, perhaps upon the legendary empyreal 
This feeble veil scarcely alters the aspect of the stars which ship! 
through it or are projected upon it. 

This somewhat summary sketch of Huygens was only vaguely co:^ 
filmed by those of Picard and of Legentil who came several years latel 
The only common trait, indeed, was the dark gulf which hollows oi| 
the central part. No part of it seemed sufficiently definite for tj^ 
detection of possible changes. 

Dm’ing the eighteenth century the number of known nebulee itl ! 
creased slowly. Several, upon closer examination, proved to be clufl^i 
ters of small stars. Those whose aspect remained flocculent, despit, 
all efforts to resolve them, often deceived the comet seekers, wh;:^' 
after verification, saw their cherished hope of making the discovel 
of a new planetoid disappear. Messier, more than once thus caug|- 
imdertook to remove this cause of trouble and in 1784 puhliahl 
a catalogue of these objects, containing nearly all the nebnljB eas{ 
seen above the horizon at the latitude of Paris. * jj 

At the same time a great advance was made in England in the met^ ; 
of observation. The musician, W. Herschel, succeeded during i'' 
leisure hours in figuring and mounting telescope mirrors much gre^^ 
and much more perfect than had ever been made before. In the 63 
of these instruments nebulae appeared in an absolutely unexpec 
profusion. Thus there arose a new branch of astronomy to be uJ 
veloped. Herschel set to work, aided by his sister Caroline, and Avith 
remarkable perseverence, at the same time pursuing other researches, 
catalogued, from 1786 to 1802, some 2,600 nebulse. Many of these, 
upon closer examination, were resolved into stars. W. Herschel 
was led to believe that all could be so resolved and that any one of 
tliese scarcely visible flocculent specks would, to an observer properly 
situated, appear like a stellar universe as rich as that which surrounds 
us and wliich is evident to onr eyes through the milky way. 

The work of W. Herschel was completed for the Southern Hemi- 
sphere by his son John, who transported in 1834 to the Cape of Good 
Hope one of the best telescopes constructed at Slough by his father. 
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Under a sky more transparent than that of England the harvest was 
yet richer and the general summary published in 1864 gave the 
positions of 5,079 of these objects. Very few nebulas found later 
worthy of interest escaped the eyes of the Herschels. 

No thought was taken at that time as to what could be the origin 
of these curious objects. Their vague aspect gave httle faith in their 
permanency. At one time the hope was held that they might rapidly 
change before our eyes. Laplace, after meditatmg upon the spheri- 
cal or flattened figures of the planets, upon the existence of the ring 
system of Saturn, upon the close coincidence of the planes of the 
equators and the orbits of the planets, became convinced that the 
sun and the planets must have once been parts of the same large, 
very diffuse cloud. We might then expect the history of the solar 
system to repeat itself among the many other nebulous clouds in the 
realms of space. Wliat would he more natural than to see among the 
nebulee successive stages in this evolution from such clouds, the 
material of suns and planets of the future. And, accordingly, he 
devised that celebrated hypothesis which has since been the cause of 
so many polemics. 

For the convenience of reasoning, Laplace gave to his primitive 
cloud a figure of revolution, a general rotation about an axis and a 
density decreasing regularly from the center outward. Upon ail 
these points the great mathematician showed no spirit of intolerance, 
and would have willingly consented to improvements. But it was 
?'much later that objections were raised. 

The assiduous observers of nebula) found that these objects w('rc 
mostly of a much less simple structure. This was shovm first by the 
principal nebula of Orion, which was selected because of its extcuit 
and brightness. Within the same hmits where Huygens drew a 
uniformly bright surface, astronomers provided Vtuth better telescopes 
found strong contrasts of light and shade, filaments and entangled 
jets, indications of physical comiection between this cosmic cloud and 
Jiumerous =:tar3. All these points are revealed in the beautiful draw- 
ings left by J. Herschel, He Vico, W. Bond, Lassell, G. Bond, and 
Loi'd Eosso. The divergencies, often strildng, may be interpreted 
through the marvellous plates taken by Prof. Bitchey at the Yorkes 
Observatory and at Mount Wilson. The same features are not show 
by the various artists and by the chemical processes. Even photo- 
graphic plates have their “personalities" as well as artists. How- 
ever, we^have the right to hope that the plates are more impai-tial in 
the features which they reproduce. The long exposures employed 
often destroy the details easily recognized by the eye in the centi’al 
and brighter parts. But for the reproduction of the famt and mom 
extended portions the superiority of the plates is unquestioned. 



146 A.NKUAL KEPOKT SMITHBONIAN I^^fiTtlUTTON, 19i2. 


To sum up, the great nebula of Orion is a very complicated object, 
very rebellious against graphical representation by which means we 
had hoped to show by a comparison of drawings what changes may 
have taken place during the course of a century. The early drawings 
have in this respect very little value and the elaborate discussioj^ 
which Holden based upon the sketches of Bond has not in gener^ 
been found convincing. 

This* nebula departs too far from a globular form or rather from-,! 
figure of rotation to be taken as giving support to the Laplaciu 
hypothesis. No one could trace in it a prelude to the formation oi 
narrow and regular ring surrounding a larger central body. Sevel 
annular nebulae were noted by W. Herschel, but among them not olj 
had a nucleus of any importance. 

If we must find in the sidereal universe a picture of what took plac| 
in our system, then 'wc would have greater hope of findmg it amom 
the planetary nebulae. In the smaller telescopes they appear 
small round, somewhat brilliant, diffused spot.s, but in strong 
instruments like bright stars embedded in dense atmospheres. B 
such systems were too small and too distant to tell ns muchl 
the details of their stiucture before spectroscopic methods W6‘|''i 
developed. 

Such was the condition of affairs when Lord Eosse, in 1860, showel/, 
the existence of a distinct series of nebuljB, having besides the ce'.' ' 
tral nucleus several successive envelopes. But these envelop^ 
instead of being separate and concentric, as the advocates of Laplac 
hypothesis would have expected, were spiral in form. They shov^ 
streamers, growdng progressively larger, at first in the directiop'|| 

- the radius, then curved around all in the same sense. No tht!|,i; 
had predicted such an Sippearance. 

The instrument used by Lord Eosse and made under his direcf| 
was a gigantic telescope, 6 feet in aperture, a size not since surpa^f*^ 
despite many courageous attempts. Judging from drawings, it oL 
have been used only near the meridian. Nor was sufficient prof 
tion provided against the weather, either for the observer or 
miri-or. The necessary access to the upper part of the tube w'-as 
possible only by the use of heavy and complicated machinery. 
Such a piece of apparatus required the assiduous and careful maneu- 
vering of several assistants. Official astronomers, with strict limita- 
tions and limited means, could obtain such cooperation only with 
great trouble and for very little time. Is it necessary to seek further 
for the reason why the great instruments of Lord Eosse and the 

- Herschels, despite their great services, had such a short career and 
were used only by their makers ? 
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The object which first seemed to offer to Lord Eosse an xuiusiial 
character is numbered 61 in Messier’s catalogue. It is to-day con- 
sidered the most typical and the most curious of the spiral nebuhe. 
If we examme how Lord Rosse drew it in 1850, we will find that the 
rays do not come out from the nucleus in all directions but normally 
and only from two diametrically opposite regions. The curvature, 
pronounced at the start, decreases later but irregularly. One of the 
spirals departing further from the center terminates in a secondary 
bright nucleus. The principal spiral continues its path undisturbed 
and completes at least a turn and a half before fading away. The 
appearance of these structures, so fine, so geometrical, so prolonged, 
gives the impression of a rapid whirling movement. 

. Long afteinvards, in 1878, Lord Rosse returned to this same object. 
The general appearance remained the same, but the number of fila- 
ments, then fineness and regularity of ciuvature seemed much 
decreased. After mature examination, it appeared that the early 
appearance had been judged too geometrical just as seems to be the 
case with the canals of Mars. It looked as if now the principal spiral 
expands into the secondary nucleus. 

Again, looking at the same object as photographed by Keeler at the 
Lick Observatory, it is evident that the second dravdng of Lord Rosse 
is the more faithful. But other important details arc brought to 
light. The junction of the two principal spirals with the main 
. nucleixs is no longer radial but tangential. By their evident discon- 
tinuity we are led to strongly doubt that they can be considered as 
trajectories. Various points of the two spirals are the origin of inde- 
"^endent rays, each curved in the same sense as the main sphai but 
vdtli cuitiroly differont initial directions. At the starting points of the 
secondary rays wo -always find a star, or if we look closer, a group of 
stars. Upon n plate of the same nebula, taken by Dr. Isaac Roberts, 
ISO condensations wore counted on the lines of the spii’als. 

It is evidently well in the presence of such immensely vast objects, 
so different from any that we have at hand for experiments, to build 
as much as possible on firm structural groundwork, neglecting no 
evidence concoriiing their form, their structure, or distribution in 
space. Thus armed, we may approach with less danger their life 
history and seek to Imow how these strange organisms are born and 
how they grow. 

First, what can be stated as to the distribution of the spiral nebulm, 
for instance with regard to that most natural plane of reference, the 
mean plane of the milky way ? 

If we consider nebulae hrespeotive of class, we can state on this 
score a well-defined law. These objects show, as to their direction 



space, a marked antipathy to the plane of the milky way, the galactic 
plane. 

This fact was noticed long ago by the plihosopher and sociologist, 
Herbert Spencer. It is shown by the often-published figure con- 
structed, by Proctor. The principal catalogued nebula) are indicated 
by so many points The white spot near the south pole corresponds 
to the Magellanic Clouds, a small region where nebulae and clusters 
abound. A jdace of similar nature, though less important, lies in the 
northern hemisphere close to the milky way. Apart from these two 
exceptions, the milky way traverses, throughout nearly all its whole 
extent, regions poor in nebula? which cluster chiefly near the north 
pole of the mEky way. 

But is this law of distribution the same for the spiral nebulas? 
Por some years it was generally admitted that it was not, that the 
spirals were irregularly distributed, as regards the mhky way. We 
might therefore treat them as strangers and keeping in mind their 
circumvolutions, bifurcations, gaps and the fact that they inclose so 
many stars and clusters of stars, consider each one as an independent 
milky way. 

To-day that conclusion does not seem so assured since Keeler has 
pointed out that many of the famt nebula, showing to the naked eye 
no trace of a central nucleus or spiral structure, reveal on long- 
exposure photographs both these characteristics. Now we are begin- 
ning to ask whether the greater number of nebulae ai’e not spiral and 
whether statistics, including all of them, would not show that the 
groat majoriiy of these objects are related to the millcy way. Apho- 
togi-aphic exploration of the entire sky with a powerful instrument is 
necessary to solve this problem. 

Apart from then' structura, which too often escapes us, is there no 
other easEy dotermhiable charactei'istic which may serve to classEy 
the nobulao ? Could we not, for example, group them, as we have the 
stara, accorrling to the richness of then spectra in absorption lines 1 

Huggens, tr^Eng to do this, noted that they readEy fall Erto two 
classes. One shows a spectrum composed of bright lines like that of 
a gas made luminous electrically. These are often caUed the green 
nebula? because the greater part of then’ light is concentrated m a 
bright green line in their spectrum which has never been identified 
■with any luio-wn terrestrial element. Provisionally, it is considered 
as an indication of an unlmown element which has been named 
nelulium. Of the four Hnes to which the spectrum of a nebula of ' 
this class is usuaEy limited, the third in order of intensity is the only 
one upon whose origin we are agreed. It belongs to the spectrum of 
hydrogen. 



A moderate dispersion may be used ^ntb this class without w'eaken- 
ing the hnes of the spectrum too much. Keeler showed that the 
brightest line does not occupy exactly the same position in all the 
green nebulae. Naturally, these small diSerences are interpreted as a 
sign of radial velocities. The 14 nebulae for which satisfactor,y results 
have been obtained give for the radial component figures rangmg from 
18 to — 64 Idlometcrs per second. There is a predominance of nega- 
tive values, evidently not because the green nebulse show a tendency 
to approach us, but because the greater part of them which may be 
easily observed are situated nearer the constellation liorculos toward 
which our sun is moving, carrying us along with him. Contrary to 
what is true of the nebulse in general, the majority of the green nebulse 
lie in the milky way. The existence of these gaseous bodies, owing 
then' light to a more or less extended mass of gas, has been considered 
as furnishing the experimental basis formerly lacking for the Lapla- 
cian hypothesis. 

Interesting as these results are, we will not dwell upon them as they 
take us away from our subject. Indeed, of all the nebulse whose 
sph’al structure is beyond doubt, not one belongs in the class just 
described. Not one is adapted to the determination of its radial 
velocity. All of them, as well as the great majority of the faint 
nebulse mthout definite form, shine with a white light which the 
prism transforms into an apparently continuous spectram. This 
spectrum is too faint for the detection of absorption bands. However, 
there is some justice in caUing it purely stellar. The white nebul© 
owe the greater part of their light to the stars which are clustered 
within them. As to the great nebula of Andi'omeda, which is the 
brightest of the spiral nebulm, we may add that the majority of the 
stars of its central portion are of the solar type. 

The contribution of the spectroscope to the study of the spiral 
nebulse is on the whole somewhat restricted. The services rendered 
by- photography are, on the other hand, inestimable. The groat 
part taken by this method of study dates from the invention of the 
sensitive bromo-gelatin plates. The green or gaseous nebulse, 
whose light more strongly afiects the photographic plate, brought 
the first success. The photographs of Paul and Prosper Hemy, of 
Isaac Roberts, and of Keeler early showed evidence of a physical 
relationship between the stars and the nebulse, even in the case of 
the gaseous nebuke. This connection is yet closer in the spiral 
nebula, of winch we will now speak exclusively. 

About the year 1900 they were looked upon as rare and scattered 
objects. Keeler undertook to form a collection of the most remark- 
able nebulous objects and was led to the two following unexpected 
conclusions ; First, many nebulse formerly classed as globular, annular, 
85360°— SM 1012 ^11 



second, all exposures sufficiently long to photograpli one of these 
objects lead to the discovery of many other similar objects. The 
number of spirals is much greater than had been supposed, and they 
may include the majority of the nebulsc. These results were obtained 
on Mount Hamilton, Cal., where a rich American, James Lick, has 
founded the observatory which bears liis name. No astronomer can 
visit this model observatory without envy and admiration. 

The order in which we take up the objects in the rich collection of 
Keeler may effidently bo open to criticism until an accord is established 
upon a deWte theory. No one, surely, would suppose that the nebulse 
have always existed just as they are or that they have acquired a 
final shape. We must look upon them as still in the process of change. 
The question wo will for the moment consider is whether they are in 
the process of condensation or expansion; whether the spirals are 
flowing out from or into the center. 

Before forming a too hasty decision, let us first examine the larger, 
more massive nebulse, where the sphals are small and unimportant 
in comparison with the central nucleus. Afterwards we will con- 
sider the more dilated ones, where the greater part of the matter 
seems dispersed into the spirals. Then we will consider in which 
direction it is easier to suppose the transition. 

In each class we shall place in the first rank those which have the 
most nearly circular appearance; that is, those whose plane is normal 
to our line of sight and which will enable us to interpret better the 
other nebulse seen at less favorable angles or even edgewise. 

Having completed that task, we needs must ask of what are the 
spkal nebulse formed; in wffiat way are they changing? Could we 
answer these two questions, then we would ask two others stUl more 
ambitious. How were the spiral nebula formed, and what will be 
their end? But such questions may for a long while yet be prema- 
ture, and I believe I thus voice the opinion of our master, Poincard, 
if I rightly interpret the conclusions stated in his recent book on 
cosmic hypotheses. 

It seems to me that the elements of the spiral nebulse cair be nought 
else than collections of groups of stars, whence comes the abundance 
of the lu m inous points scattered in the outer portions of the spirals 
where they can be separately seen. A cosmic cloud formed of sub- 
tler elements could never show such sharp outlines, nor reveal such 
clear-cut divisions. The continuous spectra must lead us to sup- 
pose that even in the central portions stars predominate, enveloped, 
if you will, in a common atmosphere which diffuses their light. 

Some might argue that if the spirals are formed of stars they would 
be brighter. I do not see that necessity. The distance of the 



spirals is immense, imich. greater tlian that nf the mean distance of 
the naked-eye stars, because all the visible stars inclf)3cd in the spirals 
are telescopic. The light of such stars readies us weakened by their 
enormous distances and doubtless by an iiiLCL'si.olicr absorbing 
medium. 

When we consider the great number of tlie s!ars cjnboddod in a 
nebula hke that of Ursa Major (MlOl), or that of Andronu'.da, it 
seems as if we rather minimize then’ importance cither iti using I liese 
nebulae to consti’uct a solar system or bj^ rofrarding tliom a-: tlio result 
of some very improbable accidental colldion. A single lu'bula is, 
in my opinion, capable of giving bh’th to many ^.Laj’s, imieed, to manj' 
clusters. By the range in their dcveloprneiit, tine varioty of tliem 
structure, the great spirals are comparable wiLhoiit. exaggerations to 
the nailky way itself. 

I beheve that we should not derive from oiir latest, studios the 
theories of Chamberlain and Moulton or of Prof. Arrhenius, all throe 
of whom interpret the spirals as due to a collbiou of tno stars. Mr. 

T. J. J. See has raised veiy strong objeciions ag.iiiwt such llioories 
in his recent work, “The Evolution of Stellar Sn stems,’’ a l)ook full of 
erudition and ingenious views, but one whoso uncoinproiui&ing dog- ' 
matism must arouse opposition. According to Mr. See, we must 
not present an explanation to our learned pulihc as possible, but as 
absolutely necessary. Is the stellar cosmogony of Mr. vSoe, for lie 
has one of his own, truly one of those to which we mu.-.L subscribe 
without discussion and hold as definitive? lie niakc.s a spiral have 
its birth in the meeting of two clouds of very elongated form which 
move through space with different velocities and become fiefonnod 
before uniting under the influence of them muLual attraction. Each 
spiral marks the influx toward the common center of one of the 
original clouds. 

I fear that such an explanation would Itc satisfactory onl^' to 
readers but httle acquainted with the objecls themselves. It i.s not 
merely two concurrent spirals which wc muat cxplaiir, hut often 
four ox five. And when we consider the jjarsirnttniotis scattexing of 
matter tlmough space, it is truly difficult to admit Ilia b upon the path 
of the deflecting current there will appear first isolated slims, then 
clusters of stars more and more numerous and moi-o and more dense 
as we approach the place of conjunction. T do not sec whence will 
be gathered the matter for these suns if there is no central condensa- 
tion, which, according to See, would not yet. have been formed. To 
me the movement in spirals must be centril'iigal and dispersive. The 
central mass shoots out intermittently groups of stars, giving tiiem a 
great initial velocity, but the impulsive force acts only for a short dis- 
tance. The final movement of the Uberated stars is governed by the 



general attraction, except in the neighborhood of certain points of 
the spirals which have in tnrn become centers of disturbances. 

The spirals, essentially irregular in their sections and projections, 
are neither currents nor trajectories. The axis of each one is a 
synclrronous curve of the places which at any given instant are occu- 
pied by the products of a prolonged and intermittent eruption. The 
latter are continually evolved in the same central mass which slowly 
turns upon itself. The spirals therefore tend to become, with increas- 
ing distances, normal to the radius. The general motions of the 
matter in this class of nebulse thus conform to the stellar currents 
of our own mUky way if we adopt the views expressed by Schwarz- 
schild. 
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[With 4 plates ] 

The Sim presents many interesting aspects. Although controller 
of the solar system, an object rich with beautiful and curious features, 
the nearest of the fixed stars, and typical of a large class among them, 
the sun also has a still greater claim on human interest as the foun- 
tain of heat, light, and life upon the earth. It is this latter aspect 
which we shall consider mainly, still further confining our attention 
almost wholly to work done under the auspices of the Smithsonian 
Listitution. 

When James Smithson died in Genoa in 1829 he left his estate, 
subject to certain conditions, "to the United States of America, to 
found at Washington, under the name of the Smithsonian Institution, 
an Establishment for the increase & diffusion of knowledge among 
men.” On May 9, 1838, by decree of the English Court of Chancery, 
the Smithson bequest, amounting to about $500,000, was adjudged 
to the United States. By the act of establishment in 1846 the con- 
trol of the Smithsonian Institution is vested by Congress in a Board 
of Regents, comprising the Vice President and the Chief Justice of the 
United States, tlrree Senators, three Representatives, and six private 
citizens. In the years that have elapsed the Smithsonian private 
funds have increased by gifts and economy to nearly $1,000,000. 
For many years the institution has administered the annual con- 
gressional appropriations for the support of the National Museum, 
National Zoological Park, Bureau of American Ethnology, Astro- 
physical Observatory, Bureau of International Exchanges, and 
International Catalogue of Scientific Literature. Tlie immediate 
administration is in the hands of the secretary of the Board of 
Regents, at present Dr. C. D. Walcott, the fourth of the secretaries. 

Dr. S. P. Langley, the third secretary, a distinguished American 
astronomer, founded in 1890 the Astrophysical Observatory of the 

» Eeprtated with revision and addition from Science Conspectus, Boston, vol. 2, No 6, April, 1912. 
-XllustratlOinS in part hom “The Sun,” by permission oi D Appleton & Co. . 




i£>4 AKNUAL BEPOBT SMITHSONIAK INSTITITHON, 1912. 

Smithsoniau Institution, and was its director until his death in 1906. 
His own principal investigations, and those of the Astrophysical 
Observatory begun under his dhection and still continued, have lain 
in the field of measuring the quantity and quality of the sun’s radia- 
tion, the efiect of the earth’s atmosphere thereon, and the dependence 
of terrestrial temperatures and plant life on solar radiation. This 
is a utilitarian branch of astronomy, whose applications to terrestrial 
concerns may be expected to increase in future years and result in 
the promotion of the arts of meteorology and agriculture. But the 
interest of such studies for the promotion of pure knowledge is also 
very high. Let us imaghie that the Greek philosophers, the Ara- 
bians, and the astronomers of Galileo’s time, had all possessed the 
means to measure accurately the quantity and quality of solar radia- 
tion. How iuteresting it would be now to compare their measure- 
ments with our own, and determine thereby what, if any, appreciablo 
changes have occurred in 2,500 years in that energy which supports 
heat and life upon the earth! The astronomer of the future wfil 
have, we hope, trustworthy measurements of our own tune to compare 
with his own. Eef erring to another branch of the measurements 
which I am to brmg before you, our knowledge of the approximate 
temperatures prevailing m the sun, and our conclusions as to the 
sun’s nature rest on such work as is being done at the Smithsonian 
Astrophysical Observatory. 

By the term solar radiation, I propose to your minds not only the 
solar rays which affect our eyes as light, but the extensions of the 
spectrum beyond the violet and beyond the red, where the eye is 
not sensitive. All these rays, whether visible or not, may be absorbed 
by blackened surfaces and will thus produce their just and propor- 
tional effects as heat. For the measurement of solar radiation, 
Langley, about 1880, invented the delicate electrical thermometer 
shown in plate 2, which he called the bolometer; figure 8 of plate 2 
shows its most important part. This is a pair of tapes of platinum, 
each about 1 centimeter long, 0.01 centimeter broad, and 0.002 
centimeter thick. These tapes are blackened with camphor smoke 
or by a deposit of platinum black. One is exposed in the path of 
the rays to be measured, and the other is hidden. Hence one tape 
is warmed with respect to the other. Thereby a mmute electrical 
current is caused to flow through the delicate galvanometer con- 
nected with the Wlieatstone’s bridge, of which the tapes form two 
aims. In this way a change of temperature, which may be as small 
as one-miUionth degree C’entigrade, may be detected in ordinary 
practice. By special devices ilie sensitiveness may be increased 
beyond this one-hundred fold. But though so sensitive the bolo-' 
meter is far behind the eye in its capacity to detect faint yellow 
light. It is used in preference to the eye because it can detect and 



correctly measure the relative intensities of rays of all wave lengths, 
whether visible or not. 

The indications of the bolometer may be automatically observed 
by photography, and thereby the solar spectrum may be exhibited, 
as in figure 1, as a smuous line whose elevation above the base 
line of zero radiation gives the relative intensity of the different 
colored or invisible rays. The two curves shown are taken independ- 
ently about an hour apart, for the purpose of studying the increase 
of intensity of the sun’s rays of different wave lengths as their 
path in air diminishes in length in consequence of the approach of 



Fig. 2.— VEHUCAI. ATMOSPHEMC TEANSMISSIOIT EOE DIFrEKENl 'WAVE LENGTHS 
Upper onn'e for Mount Wilson, lower curve for Washington. 


the sun to the meridian. From such studies the results shown in 
figure 2 are found. The upper curve represents the percentage 
transmission of a vertical column of air above Mount Wilson (ele- 
vation lj750 meters), while the lower curve shows the less transmis- 
sion for vertical rays at Washington (30 meters). The wave lengths 
are indicated as ahscissse. From this we see how much more loss the 
violet rays of wave length OAQfi suffer than do the red rays of wave 
length 0.70/f in traversing the air. 

In order to determine the quantity of the solar radiation, we 
must fix our conditions independent of the variable losses in the 
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atmosphere. We attempt, there- 
fore, to make the observations in 
such a manner as to permit a 
correct estimate of the atmos- 
pheric losses, so that the result 
can be expressed as if the meas- 
urements were made in free space 
beyond the atmosphere. But of 
course om' actual work mi:st be 
done at the earth’s surface. 

We express solar radiation in 
heat units called calories. As the 
bolometer (pi. 2) is not of itself 
capable of giving true calories we 
have devised aninstrmnent shown 
in figure 3, a standard pyrheli- 
ometer, so called. A is a cham- 
ber of nearly the dimensions of a 
large test tube, whose walls are hol- 
low and adapted for the circulation 
of a stream of water. The stream 
enters at E, bathes the walls and 
rear of the chamber and the cone- 
shaped receiver of rays H, and 
passes out at F, carrying the heat 
developed by solar rays which 
enter the chamber by the meas- 
ured orifice C. At Dj and are 
platinum coils adapted to measure 
the rise of temperature of the wa- 
ter due to solar heating. Know- 
ing the weight of water flowing per 
minute, the rise of temperature 
and the area of the opening C for 
solar rays, their intensity is deter- 
mined, As a check, heat may be 
produced electrically in the cham- 
ber, and the proof of the accuracy 
of the instrument consists in find- 
ing the known quantity of elec- 
trically introduced heat correctly 
measured. Another simpler in- 
strument for everyday use is the 
silver disk pyrhehometer shown in 




figure 4, ■wMcIa may be gtaudardized against tlxe water-flow instru- 
ment and in wbicli the measurement is made by reading a thermom- 
eter at stated intervals. 

In measuring the intensity of solar radiation as it would be outside 
the earth's atmosphere at mean solar distance (generally called the 
solar constant of radiation) it is important to select a station 
where variability of atmospheric conditions is slight, and where 
the quantity of air traversed by the solar rays is small, 
Owdng to smoke and clouds, Washington is a poor locality 
for the purpose, and so in 1905 an expedition in my 
charge was sent by invitation of Director Hale, of the 
Mount Wilson Solar Observatory, to take station 
on Mount Wilson. Plate 3, figure 1, shows some 
of the gigantic apparatus erected by Director 
plale at that fine site. With this remarkable 
outfit the work done by the Mount Wilson 
Solar Observatory staff has been wonder- 
fully productive. The Smithsonian Ob- 
servatory on Mount Wilson, a little 
affair- comparatively, is shown in 
plate 3, figure 2, It was built in 
1908 on a small plot of ground 



leased from the Solar Ob- 
servatory. A cottage has 
since been built close by for 
observers' c[uarters. 

In order to test more 
thoroughly whether we can 
indeed truly estbnate the 
losses of solar rays in our 
atmosphere, work was done 
in 1909 and 1910 rmder my 
charge at Mount Whitney 
(4,420 meters), the highest 
mountain in the United 
States. To further 
the work of this and 
other scientific expe- 
ditions the Institu- 
tionereotedonMount 
Whitney in 1909 the stone and steel shelter shown in plate 4, figure 1. 
My apparatus is shewn in plate 4, figure 2. With Mr, Marsh, of Done 
Pine, I remained two weeks on the summit in 1909 and again in 1910, 
and made measurements of the solar constant of radiation there, while 
my colleagues made similar measurements at Mount Wilson. 


Fia. 4,— ': liF, i-.R-Dl K I'lEUCLIOlIElXU. 
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The differences between the results obtained simultaneously at the 
two stations were between 1 and 2 per cent. But considering that 
the optical apparatus used on Mount Wilson comprised a silvered 
glass mirror coelostat, an ultra-violet crown glass prism, and two sil- 
vered glass mirrors, while that on Mount Wliitney comprised only a 
quartz prism and two magnaJium muTors, and, furthermore, that the 
pyrhehometers employed at the two stations were read at very differ- 
ent temperatures, it is probable that the shght difference found 
between the results may be due mainly to experimental differences 
and implies no discrepancy due to the difference of altitude between 
the two stations. 

This conclusion seems worth emphasizing. We have now made 
simultaneously solar-constant determinations at sea level (Washing- 
ton), and at over a mile altitude (Mount Wilson) ; and again at Mount 
Wilson, and at nearly 3 miles altitude (Mount Wintney) . Although 
both the quantity and the quahty of the solar radiation found at 
these stations differ very much, neither the “solar constant” nor 
the distribution of the solar energy in the spectrum outside the 
atmosphere, as fixed by the wholly independent measurements at 
these three stations, differs more than would be expected in mew of 
the unavoidable small error’s of observation. We seem justified in 
concluding that we do, in fact, eliminate the effects of atmosphorio 
losses and actually determine the true quantity and quahty of the 
sun’s radiation outside the atmosphere as we might do if we could 
observe in free space with no atmosphere at all to hinder. 

Expeditions to Mount Wilson have now been made in 1905, 1906, 
1908, 1909, 1910, 1911, and 1912, continuing fi’om May until Novem- 
ber. In the earlier years the observations were not made daily, but in 
1908, 1909, 1910, and 1911 daily determmations of the solar constant 
were made when possible. I give below a summary of this work up 
to the end of 1911, and ’withit also the results obtained at Washington, 
1902-1907. 



Wasli- 
■ ington. 

j Mount Wilson. 


1902-1907 




3009 

1910 

1911 


37 

! 45 

1 

01 1 

114 

9.) 

113 

100 

Mean value 

1 993 

1 956 

I 943 

1 936 

1 916 

3 021 

1 923 


other days of observation not yet ready. General mean, 1 932 caloiiea (15° C ) p^i square centimeter 
per ininu+.'. Nnmbcr of determmat'ong, 690. 

Wo chaw tln^onclusion that, for the epoch 1902 to 1911, an object 
itf outer space, at the earth’s mean solai’ distance, would have received 
radiation on surfaces at right angles to the solar beam at the mean 







rate of 1.93 calories per square centimeter per minute. WLat a prize 
•would be given to one wbo could bring us similar measurements 
dating, let us say, from the time of Archimedes ! 

Before considering the possible variability of the sun we may pause 
to note some of the by-products of the solar-constant measurements. 
Eeferring again to figure 1, we see before us the distribution of 



riQ. 6.— SOLAB SPECTRUM ENERGY CURVES OUTSIDE THE EARTH’S ATMOSPHERE. 

” — Radipllon f roir the 'whole solar disk. 

‘ Crniei ’’—Riulialioii Iioiu comer of sun's disk. 

BO, S2.C;, and 9j.— Raaiatian from points at these pereentages of radius from center of sun’s disk. 

energy in the sun’s spectrum observed at a particular time on Mount 
Wilson •with certain apparatus. Kriowing from other observations 
of the same day the losses suffered by the rays in the air, and being 
able to measure also the losses suffered in their passage of the optical 
ajiparatus, it is possible to compute the form which thp solar energy 
spectrum would assume if observed outside our atmosphere, with 
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perfectly transparent apparatus capable of forming a normal spec- 
trum. Such a curve is that marked "All” in figure 5. It is marked 
"All” because it represents the mixture of rays from all parts of the 
sun’s disk, just as we ordinarily get them. 

Figure 6 shows a number of curves of distribution of rays along a 
diameter of the sun. From these we see that the sun’s disk is not 
of equal brightness from edge through center to edge, and that the 



FiQ. 0.— DlSTBISTITrON OF BIUGHTNESS AiOKG THE DUMETEB OF THE SOLAS DISK FOE BAYS OF DIFFBEENT 

WAVE LENSTHS. 


contrast of brightness is far greater the shorter the wave length con- 
sidered. In other words, the sun’s edge is much dimmer compared 
to its center for the ordinary photographic plate than for the eye 
because the plate is most sensitive for violet and ultra-violet rays, 
while the eye is most sensitive in the yellow. 

Keturning again to figure 5, the other curves show the relative 
intensities of solar energy of all wave lengths taken from points 









distant zero 55, 82.5, and 95 per cent, respectively, from tlie center 
of the sen’s disk. The intensities, as you see, diminish as we go 
out toward the sun’s edge in all wave lengths, but most rapidly for 
the shorter wave-length rays. Hence not only does the height of the 
energy curve alter, but its form changes, so that the place of maximum 
intensity shifts toward the red as we approach the sun’s edge. This 
is a peculiarity of spectra of heated bo^es at successively lower tem- 
peratures. It is quite reasonable to conclude that the light we see 
near the edge of the sun comes from regions of lower temperature than 
that which wc get from the center of the disk. This is probably 
because our mew is cut off before it penetrates very deeply, at the 
edge, because wc are there looking very obliquely. Thus we see only . 



riG 7 —Sun-spots and the eabth’s tempekatuiie and magnetism. 

I Temperature departures for the United States. 

II Sun-spot numbers (Woltcr) 

III. Ifagnctio declination f mean diurnal ranged. 

IV Magnetic lioilzontal force \ Ellis, Ctoee. / 

supei’ficial layers at the edge, and much deeper and hotter ones at the 
center. But all these temperatures are very much higher than any 
we know on the earth. The electric arc, for instance, is said to be at 
a temperature of about 3,800° absolute Centigrade. From the form 
of the solar energy emwe, the value of the solar constant, and other 
data we estimate that the solar temperatures range from about 6,000° 
absolute Centigrade upward. 

As the temperature of the earth depends almost directly on the 
quantity of solar radiation, we are immediately interested to inquire 
if the sun, like so many others of the stars, is variable, and if so, what 
corresponding variations are produced in the temperature, oloudiness, 
and rainfall of the earth. It has been knovm for over half a century 
that the sun has a slight -variability of an average period of about 11 
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years, corresponding with the fluctuations of the number of sun spots, 
the changes in form of the solar corona, and other solar phennmeiia, 
and inducing changes in the prevalence of the aurora borealis, the 
magnetic force and declination, and other terrestrial pheuoraeiia. 
Figure 7 shows in its first cuiwe the variation from normal of ihe tem- 
perature of the United States, second the variation of sun-s.pot num- 
bers, third and fourth the fluctuations in terrestrial magnetic oloimnits 
for the period 1878 to 1900. It would be of great interest if we had 
accurate solar-constant measurements to compare with these cluingos 
for a long period of time. Unfortunately we have none such o.jrber 
than 1903 and only scattering measurements until 1905. 

In figure 8 the results of solar-constant measurements on Mount 
Wilson, 1905 to 1909, are given. On their face they indicate a flue lua_ 



Fig 8.— Intensitv of solae badiation outside the eabth’s atmosphere as measured at Moumt 
Wilson m the years 1905 to 1909. 

Values given In calories per square centimeter per minute 

tion of the intensity of solar radiation. The fluctuation extends over 
a total range of nearly 10 per cent. In the later years the measure- 
ments were made almost daily, and seem to bring out with ccriainty 
that the changes are not haphazard in their character. Successive 
days of observation indicate a gradual march of the solar constant 
values from a high to a low, and back. Had the variations been due 
merely to accidental errors we should not have expected thi= regu- 
larity. Hence we conclude that the changes observed are either 
really solar or are due to some obscure source of error in estimating 
the losses in our atmosphere. The latter supposition is not yeiy 
reasonable, because as already shown, we get practically identical solar 
constant values whether we observe at sea level (Washington), ] mile 
(Mount Wilson), or 3 miles elevation (Mount Whitney). Hence it 



seems most probable that we have found a real variation of the sun, 
irregular in amount and period, but of an average period of 7 to 10 
days, and an average magnitude of 3 to 6 per cent. This would be 
“important if true.” 

Note added January 13, 1913: 

[In part from Annual Beport of Secretary of the Smithsonian Institution for year 

ending June 30, 1912 ] 

Congress having provided funds, an expedition under my charge 
proceeded in July, 1911, to Bassour, Algeria, to make there a lon^ 
series of solar-constant observations simultaneously with similar 
observations made by Assistant Aldrich on Mount Wilson. The 
Algerian expedition included Mr. and Mrs. Abbot and Prof. P. P. 
Brackett, of Pomona College, California. The apparatus carried 
was the same which I had used on Mount Wliitney in 1909 and 1910. 
Station was reached on July 31, 1911, but owing to a most unfortu- 
nate miscarriage of a box of apparatus, observations could not be 
commenced until August 26, and several more days were required 
to get the whole outfit worldng satisfactorily. The weather of 
August was excellent at both Moimt Wilaon and Bassour, but iu the 
subsequent months the good days at one station frequently ooin-.f 
cided with bad ones at the other. Hence, although 44 days of solar- 
constant observations were secured at Bassour up to November 17, 
when the camp was broken up, and a still greater number were 
secured at Mount Wilson, only 29 of these coincided and 20 were good 
at both stations. 

In spite of the loss of August and the unfavorable weather of sub- 
sequent months, the results strongly confirm the supposed variability 
of the sun. 

Expeditions of 191 S. — While the simultaneous observations made 
in 1911 at Bassour and Mount Wilson seemed justly interpretable as 
confirming the variability of the sun, yet it was felt that a result of 
such uncommon interest ought to be put beyond the smallest war- 
rantable doubt. Accordingly, in May, 1912, Mr. and Mrs. Abbot 
again returned to Bassour, where they were joined on May 20 by Mr. 
Anders Knutson Angstrom, as temporary assistant. Observations 
were begun on June 2. Observations on Mormt Wilson had already 
been begun by Mr. Fowle in April, 

Between June 1 and September 9 nearly 50 days of observations 
common to both stations wore secured. This work is fully conclusive 
in proving the variability of the sun. High solar -constant vahes at 
Bassour correspond imth high solar-constant values at Mount 'WUsQUy 
and vice versa. 

In the meantime it has been found that some measurements of the 
kind illustrated in figure 6, which were made in 1908 at Washiagton 
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and compared, "witli solar-constant values from Mount Wilson, seem 
to show that there is a slight but distinct change of distribution of 
the radiation along the diameter of the sun’s disk depending on the 
value of the solar constant This change is such that when the 
intensity of solar radiation outside the atmosphere is high as observed 
at Mount Wilson, the contrast in brightness between the center and 
the edge of the sim’s disk is great, and vice versa. This change in 
contrast holds true for all wave lengths observed at Washington. 

, Thus we have two independent proofs that the sun is an irregularly 
variable star of a short irregitlar periodicity of 7 to 10 days and mag- 
nitude of fluctuation reaching often 3 per cent but rarely 8 per cent. 
Besides this newly discovered irregularity there is of course also the 
long period variability of 11 years indicated by sunspots. Curiously 
enough the solar radiation proves to be above normal when the sun 
spots are at a maximum ; although,, as shown in figure 7, the tempera- 
ture of the earth is then below the normal. It is not unlikely that 
other solar changes of great interest may be brought fco light in 
future years by the methods above described. Nothing has yet been 
done to see how far the newly discovered short period solar changes 
affect the earth’s climate, hut evidently a most interesting field is 
opening there. 

85360°— SM 1912 ^12 




MOLECULAR THEORIES AND MATHFALVTICS.^ 


By Emile Borel, 

Professcur a la FacultS des Sciences de V UniversilS dc Paris, Sovs-Dircclcvr de VEcolr, 

Normale Sup&rkure 


I. 

The relations between the mathematical sciences and the physical 
sciences are as old as the sciences themselves. It is the study of 
natural phenomena which leads man to set for himself the first 
problems from which, through abstraction and generalization, has 
gone forth the superb complexity of the science of numbers and of 
space. Conversely, through a sort of preestablished harmony, it 
has often happened that certain mathematica] theories, after being 
developed apparently far from the real, have been found to furnish 
the key to phenomena concerning which the creators of these theories 
had no thought at aU. The most celebrated instance of this fact is 
the theory of conic sections, an object of pure speculation among the 
Gi'eefc geometers, but whose researches enabled Kepler, 20 centuries 
later, to announce with precision the laws of the motions of the plan- 
ets. In the same Way, in the first half of the nineteenth century, it 
was due to the theory of the imaginary exponentials that the study 
of vibratory motions was rendered more profound, the importance of 
which has been revealed on so large a scale in physics and even in 
.industrial art; it is to this study that we owe wireless telegraphy 
and the transmission of energy by polyphase currents. More 
recently still, we know what the utility of the abstract theory of 
groups has been in the study of the ideas so profound and novel 
whereby one has tried to explain the results of the capital experi- 
ments on relativity made by your illustrious compatriot Michelson. 

B.ut these illustrations, whatever may be their importance, are 
special and relate to particular theories. How much more strilcing 
is the universal usage of the forms imposed on scientific thought by 

1 Address delivered at Houston (Tex.) on the occasion of the inauguration of the Rice Institute (Oet. 10 
to 12, 1912). 

Reprinted by permisaion of tile author, the publisheia, and the Rice Institute, from Revue gSn&aie des 
Sciences pures et apphqufies, Paris, Nov. 30, 1912, 
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the genius of Descartes, Newton, Leibnitz. The employment of 
rectangular coordinates and of the elements of differential and integral 
calculus has become so familiar to us that we might be tempted at 
times to forget that these admirable instruments date only from 
the seventeenth century. And in the same way the theory of partial 
differential equations dates only from the eighteenth century. In 
1747 d’Alembert obtained the general integral of the equation of 
vibrating cords. It was the study of physical phenomena that 
suggested the notions of continuity, ‘derivative, integral, differ- 
ential equation, vector, and the calculus of vectors; and these notions, 
by a just return, form part of the necessary scientific equipment of 
every physicist; it is through these that he interprets the results of 
his experiments. There is evidently nothing mysterious in the fact 
that mathematical theories constructed on the model of certain 
phenomena should have been capable of being developed and of 
furnishing the model for other phenomena. This fact is neverthe- 
less worthy of holding our attention, for it permits an important 
practical result. If new physical phenomena suggested new math- 
ematical models, mathematicians wiU be in duty bound to devote 
themselves to the study of these new models and their generaliza- 
tions, with the legitimate hope that the new mathematical theories 
thus erected will be found fruitful in furnishing in their turn to the 
physicists forms of useful thought. In other words, to the evolution 
of physics there should correspond an evolution of mathematics 
which, without abandoning the study of the classical and tested 
theories, should be developed in taking into account the results of 
experiment. It is in this order of ideas that I would examine to-day 
the influence that molecular theories may exercise on the develop- 
ment of mathematics. 

II. 

At the end of the eighteenth century and in the first half of the 
nineteenth there was created on the hypothesis of continuity what 
we may call classical mathematical physics. As types of the theories 
thus constructed we may take hydrodynamics and elasticity. In 
hydrodynamics, every liquid was by definition considered to be 
homogeneous and isotropic. It was not quite the same in the study 
of the elasticity of solid bodies. The theory of crystalline forms had 
led one to admit the existence of a periodic network, that is to say, a 
discontinuous structure; but the period of the network was supposed 
to be extremely small with reference to the elements of matter 
physically regarded as the differential elements. The crystalline 
structure therefore led only to anisotrophy, but not to discontinuity. 
The partial differential equations of elasticity, as well as those of 
hydrodynamics, imply continuity of the medium studied 
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The atomic theory, whose tradition goes back to the Greek plii- 
losophers, was not abandoned during that period Independent of the 
confamation that it found in the properties of gases and iu the laws 
of chemistry, it was by means of that theory that one was obliged to 
explain certain phenomena, such as the compressibihty of hquids or 
the permeability of solids, in spite of the apparent continuitj’' of 
these two states of matter. But the atomic theory was placed in 
juxtaposition with physical theories based on continuity; it did not 
affect them. The rapid advances in thermodynamics and in the 
theories of energy contributed to maintain this sort of partition 
between the physical theories and the hypothesis of the existence of 
atoms, wliich became so fruitful in chemistry. To the majority of 
physicists half a century ago the problem of the reality of atoms was 
a metaphysical question properly beyond the domain of physics; it 
mattered little to science whether atoms exist or are simple fictions, 
and one might even doubt if science were able to affirm or deny their 
existence. 

However, thanks especially to the labors of Maxwell and of Boltz- 
mann, the definite introduction of molecules in the theory of gases 
and solutions showed itself fruitful. Gibbs created the new study, 
to which he gave the name "Statistical mechanics.” But it is only 
in the last 20 years that all physicists have been forced, by the study 
of new radiations on the one hand and the study of the Brownian 
movement on the other, to consider the molecular hypothesis as one 
that is necessary to natural philosophy. And, more recentl}^, the 
thorough study of the laws of radiation has led to the unlooked-for 
theoiy of the discontinuity of energy — or of motion. It does not 
come within my subject to expound tbe experimental proofs through 
which these hypotheses are each day becoming more probable. The 
most striking of such experiments are perhaps those which have 
made it possible to obseiwe the individual emission of tbe oc particles, 
so that one actually obtains one of tbe concrete units with which 
the physicist constructs the sensible mhverse, just as the abstract 
universe of mathematics can be constructed by means of an abstract 
unit. 

For definitely formulating their hypotheses and deducing there- 
from results susceptible of experunental verification the theorists 
of modern physics make use of mathematical sjnnbols. These 
symbols are those which have been created ia starting out mth the 
notion of continuity. It is, therefore, not astonishing that diffi- 
culties sometimes appear, the most real of which is the contradiction, 
apparent at least, between the hypothesis of the quanta and the older 
hypothesis that phenomena are governed by differential equations. 
But these difficulties of principle do hot prevent the success of what 
one might call partial theories, by which a certain number of experi- 
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mental results may, in spite of their apparent diversity, be deduced 
from a small number of formulee which are coherent among them- 
selves. Usually the employment of mathematics in these partial 
theories is quite independent of the ultimate bases of the theory. 
And so it is that for many of the phenomena of physical optics the 
formnlffi are the same in the mechanical theory of Fresnel and in the 
electromagnetic theory of Maxwell. In the same way the formulae 
used by electrical engineers are independent of the diversity of 
theories concerning the nature of the current. 

If I have been obliged to point out, though beyond my subject, 
this employment of the mathematical tool as an auxiliary to the 
partial physical theories, it is in order to prevent all misunderstand- 
ing. It appears certain that for a long time to come, as lor^, per- 
haps, as human science shall endure, it will be under this relatively 
modest form that mathematics will render the greatest service to the 
physicists. There is no reason why we should be disinterested in 
the general mathematical theories whereof physics has furnished 
the model, whether we may he concerned with speculations on 
partial differential equations suggested by the physics of the conti- 
nuum or with statistical speculations pertaining to the physics of the 
discontinuum. But it should be well imderstood that the new mathe- 
matical theories which discontinuity of physical phenomena might 
suggest can not have the pretention of entirely replacing classical 
mathematics. These ai-e only new aspects, for which it is proper to 
make room by the side of older views in such a manner as to augment 
as much as possible the richness of the abstract world in which we 
seek models suitable for maldng us better to comprehend and better 
to conjecture concrete phenomena. 

III. 

It is frequently a simplification m mathematics to replace a very 
lai^e finite number by infinity. It is thus that the calculus of defi- 
nite integrals is frequently more simple than that of summation 
formulae, and that the differential calculus is generally more simple 
than that of finite differences. In the same way, we have been 
led to replace the simultaneous study of a great number of fimctions 
of one variable by the study of a continuous infinitude of functions 
of one variable; that is to say, by the study of a fimction of two 
variables. By a bolder generalization Prof. Vito Volterra has been 
led to define functions wliich depend upon other functions— -that is to 
- say, in the most simple case, functions of lines— in considering them 
as the limiting cases of fimctions which would depend on a great 
number of variables or, if one prefers, on a very great number of 
points of the line. 
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These diverse generalizations have rapidly acquired the rights 
of a citizen in mathematical physics; the employment of integral 
equations, of winch the classical types are the equation of Volterra 
and the equation of Fredholm, has there become cui'rent. Although 
these theories may be well laiown to all, it is perhaps useful to recall 
briefly their oi-igin by a particularly shnple example. We shall thus 
better imderstand their sigiiiflcance from the point of view where we 
stand to-day. 

Let us consider a si^stem composed of a finite number of material 
points, each of which can deviate only a small amount from a certam 
position of stable equilibrium. The diffei’ential equations which 
determine the variations of these deviations from then* positions 
of equilibrium can, under certain hypotheses and to a first approxi- 
mation, be regarded as linear in respect to these deviations. If, 
moreover, we introduce the hypothesis that the system satisfy the 
law of the conservation of energy, the differential equations take 
a form very simple and classic, from which one easily deduces the 
fact that the motion may be considered as the superposition of a 
certain number of periodic motions. The number of these elementary 
periodic motions is equal to the number of degrees of freedom; it is 
tliree times the number of the material points, if each of these points 
can be arbitrarily displaced in the neighborhood of its position of 
equilibrium. The periods of the simple periodic motions are the 
specific constants of the system, which depend only on its configura- 
tion and the hypotheses made concerning the forces put into opera- 
tion bj’’ its deformation, but which does not depend upon the initial 
conditions; positions and velocities. These initial conditions deter- 
mine the arbitrary constants which figure in the general integral 
and which are two in number for each period; the intensity and the 
phase. 

Suppose now that the number of material points become very 
great and let us identify each of them with a molecule of a solid body, 
a bar of steel for example; if the hypotheses made continue to be 
verified, and that is what one admits in the theory of elasticity, 
their consequences will subsist also; we shall have, then, a very large 
number of characteristic constants, each of these constants defining 
a proper period of the system. Let us increase to infinity the number 
of the molecules. The system of differential equations, infinitely 
great in number, is then replaced by a finite number of partial differ- 
ential equations, whose fimdamental properties are obtained by 
passing to the limit. In particular, the proper periods can be deter- 
mined and we establish the remarkable fact that these periods can be 
calculated with precision and without ambiguity if we take care to 
define them by commencing with the longest period; there is only a 
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finite number of periods superior to a given interval, but this number 
increases indefinitely when the interval tends to zero. 

The reasonmg which has just been outlined is of the type of those 
to which the substitution of continuity for discontmuity leads. In 
reality, the considerations based on the existence of molecules play in 
them only an auxiliary r6le; they put one on the track of the solution, 
but this solution, once obtained, satisfies rigorously the partial 
differential equations of Lam6, equations which can be deduced 
equally’ w’-ell from theories of energy as from molecular hjqiotheses. 
The molecular theory has therefore been a valuable guide for the 
analyst in suggesting the course to be followed in studying the 
equations of the problem, but it is eliminated from the ultimate 
solution. On the other hand, we know that this solution represents 
reality only imperfectly. We obtain an infinitude of proper periods, 
instead of a very great number of them; the actual number so great, 
indeed, that one perhaps ought not to scruple to passj .0 the limit and 
to regard it as practically infinite. If, however, one observes that the 
difficulties of the theory of black radiation come precisely from the 
very short periods, and that these difficulties are not yet resolved in 
an enthely satisfactory mamier, one will perhaps judge that he can 
not be too careful in everything which concerns these very short 
periods. Perhaps this is why a physicist like Lorentz has not deemed 
superfluous the considerable analytical efforts which the study of. 
the propagation of waves requires when we explicitly introduce the 
molecules. However it may be in other cases, even if the substitu- 
tion of the infinite for the finite is entirely legitimate in certain 
problems, it may be interesting to propose to oneself, from a purely 
mathematical point of view, the direct study of functions or equa- 
tions depending upon a great, but finite number of variables. 

IV. 

The first difficulty which presents itself, when one wishes to study 
functions of a great number of variables, is the exact definition of 
such a function. I mean by that an individual definition, permitting 
, one to distinguish the definite function from an infinitude of other 
analogous functions. There exist many general properties common 
lo the mathematical entities of a certain category, independent of 
the numerical value of the coefficients; for example, every definite 
quadratic form (that is to say, one always positive) is equal to the 
sum of the squares of as many independent liuear functions as the 
number of the variables which it contains. On© has at times sought 
to deduce mathematical facts from this sort of physical consequences. 
I must confess that I can not defend myself against some suspicion 
in regard to this sort of reasoning; for it appears a little singular that 
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one can deduce anytlaing exact from a notion so general as that of a 
surface of the second degree (let us say, for fixhig ideas, a generalized 
elhpsoid) in a space having a very great number of dunensions. Let 
us emphasize a little the difficulty that there is m laiowing individually 
such an ellipsoid: Its equation may be supposed to be reduced to the 
sum of squares, by an orthogonal substitution; that is to say, the axes 
remaming rectangular. Such an ellijisoid, then, requires for its com- 
plete definition the knowledge of what we may call the squares of 
the lengths of its axes; that is to say, the squares of as many positive 
numbers as the space considered contams dimensions. The question 
of knowhig whether one can consider as given so many numbers, when 
a man’s lifetime ivould not suffice to enumerate a small jiart of them, 
is a question which is not without analogy to that of the legithnacy of 
certain reasonings hi the theory of ensembles, such as that one by 
which Prof. Zermelo pretends to prove that the continuum can be well 
ordered, and which suppose, as realized, an hiiinitude of choices inde- 
pendent of all law, and at the same time to be uniquely determined. 
Opinions may differ on the theoretical solution of these difficulties 
and here is not the place to reopen this controversy. But, from the 
practical point of view, the response is not doubtful; it is not possible 
to actually write the numerical equation of an ellipsoid whose axes 
are as numerous as the molecules constituting a gram of hydrogen. 

In what sense is it, then, possible to speak of a numerically deter- 
minate ellipsoid, possessing a very great number of dimensions? 
From an abstract point of view, the most simple process for defining 
such an ellipsoid, consists in supposing that the lengths of the axes 
are equal to the values of a certain function which is simple for the 
integral values of the variable. One can suppose them all equal (in 
which case he vill say that the ellipsoid is reduced to a sphere). 
One can also suppose that they have for values the successive integral 
numbers taken in then* natural order, starting either -with umty or 
with any other given number, or that they are equal to the inverses 
of the square of these integers, etc. In other words, we suppose that 
the lengths of the axes are all determined by the knowledge of a 
formula simple enough for being actually written, while it is not 
possible to actually write as many distinct numbers as there are axes. 

Another process, to which we are natumlly led by the analogies 
with the kinetic theory of gases, consists in supposing that the values 
of a function of the axes such that the square of the lengths of the 
axes, or of their reciprocals, etc., are not given individually, but that 
we know only the mean value of this function, and the law of the 
distributions of the other values around this mean. We propose, 
under these conditions, not to study the properties of a unique and 
well determined ellipsoid, but only the most probable properties of the 
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ellipsoid, loio-sving only that it satisfies the imposed conditions. We 
can also say that we study the mean properties of the ensemble of 
the ellipsoids defined by these conditions. Here again, we may ob- 
serve tLxt the probable ellipsoid or the mean ellipsoid is completely 
defined by the knowledge of the mean value of the law of the devia- 
tions. If this law is the classic law of probabilities, it includes only 
two constants. If we were led to introduce a more complicated law, 
this law might in all cases be explicitly wiitten. The two processes 
that wo have indicated are then equivalent from the analytical point 
of view. It would evidently be the same with aU other processes 
that we can imagine, and notably vith the combhiations of the two. 

In a word, a figure ■which depends on an exti’emely great number of 
paiTimeters can be considered a numerically determinate only if these 
parameters are defined by means of numerical data sufficiently few 
in number to be accessible to us. It is for this reason that the study 
of the geometrical figures m a space possesshig an extremely great 
number of dimensions, can lead to general la’ws, if we can exclude 
from this study such of these figures as it is impossible for a human 
being to define individually. ^ 

Here jire, for example, some of the results to which one is led by" 
the study of ellipsoids. In wTiting the equations in the form of a 
sura of squares, the second member being reduced to unity, the co- 
efficients are equal to the reciprocals of the squares of the axes. If 
the mean of the squares of these coefficients is of the same order of 
magnitude as the square of their mean, one will say that the ellipsoid 
is not very irregular. The modes of definition concerning which we 
have just spoken lead to eUipsoids w^hich ai-e not very in-egular, from 
the moment when one ceases to systematically introduce into these 
definitions functions purposely chosen in a complicated manner. On 
the other hand, we obtain a very h'regular ellipsoid in equating to a 
constant the vis viva of a deformable system composed of a very great 
number of molecules, this vis viva being writen under the classic 
form of the sum of the vis viva of translation of the total mass con- 
centrat(Hl at the center of gravity, increased by the sum of the vires 
vivse of the molecules in theii' motion relative to this center of gravity. 
The great irregularity comes from the fact that the products of the 
total mass the three components of the velocity of the center of 
gravity are extremely great in comparison with the other terms, 
I^Tien an ellipsoid is not very ii-regular, several of its properties permit 
comparing it to a sphere, which we may call the median sphere. 
The surface of the efiipsoid is almost wholly comprised between the 
surfaces of two spheres very near to the median sphere. On the 
other htuid, a point being arbitrarily chosen on the ellii>soid, it is 
infinitely probable that the normal at this point passes ’extremely 
close to the center. 
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This geometrical study of figures having a very great number of 
dimensions deserves, I believe, to be thoroughly investigated. It 
puts in evidence the abstract bases of the theories of mechanics and 
statistical physics; that is to say, it enables us to distinguish among 
the propositions to wliich physicists are led, those which are a conse- 
quence of physical hjq>othese3 from those which are derived only 
from statistical hypotheses. But, independent of its physical 
utility, this geometrical study of sjiaces having a very great number 
of dimensions presents an interest of its own. It is to the molec- 
ular theories that we are indebted for this new branch of mathe- 
matics. 

V. 

We can, however, ask ourselves whether it is legitimate to regard 
as connected with the molecular hypothesis a theory which ought, in 
fine, to depend upon only a small number of constants. To say that 
an ellipsoid with a very great number of dimensions is entirely defined 
by five or six constants is to say that all the consequences that we 
are to deduce from its study shall be expressible by means of five or 
six constants. We can not suppose in such a case that it will be pos- 
sible to imagine an analytical mechanism wMch would permit us to 
obtain the same consequences, expressed by means of five or six con- 
stants, without its being necessary to cause to intervene the equation 
possessing a very great number of terms; that is to say, without its 
being necessary to utilize tbe molecular hyjjothesis. 

It is welt that we pause on account of this objection, though it 
may recall the ^controversy between the energotists and the atomists, 
a controversy in which the atomists appear to have had the decided 
advantage. In tlie first place, we can reply with an argument of 
fact: It matters little that we might conceive the possibility, mthout 
making use of molecular hypotheses, of combining among themselves 
the consequences of these hypotheses; the important thing is to know 
whether this possibility is actually realized or if, on the contrary, 
they are calculations based upon molecular hypotheses which con- 
stitute the most simple, if not the only, mode of deduction. If this 
latter alternative be coi'rect, and it seems difficult to deny it, molecu- 
lar hypotheses ai'e, then, actually very necessary, and that alone 
ought to be of consequence to us. 

Under this modest form, wliich the future holds in reserve, this 
reply appears preemptory; hut I believe that many physicists would 
not judge it too categorically. It is necessary to observe, however, 
that the question is independent of experimental proofs of the i-eality 
of the molecules. Should we succeed ip seeing, by means of an instru- 
ment more powerful than a microscope, the molecules of a solid body, 
it would not follow, however valuable this knowledge might be, that 



one should make use of the same for stating the properties of this 
body in the most simple manner possible. So it is that the possibility 
of seeing an isolated microbe under the microscope is not an indispen- 
sable condition for the attenuation of the viruses and of the use of 
vaccines. In tlie same way, in the reproduction of a masterpiece by 
photogravure, it is not the individual knowledge of the points consti-- 
tutiiig the negative that interests us.^ 

From the abstract point of view, if wo admit that all human theory 
ought to be, in the last analysis, expressed by means of a finite and 
relatively small number of data, it seems difficult to deny the possi- 
bility of entirely constructing the theory without causing the inter- 
vention of hypotheses which imply the existence of elements whose ■ 
number surpasses that which the investigation of man can conceive. 
But the verification of this abstract possibfiity can not prevail against 
the importance of services rendered by molecular theories in the 
unification of apparently um’elated phenomena; and so it is per- 
mitted to consider these reserves on the possibilities of the future, as 
a simple matter of style. 

Is it possible to go still further, and suppress all reserve of this 
kind? In order to answer this question it is necessary to examine 
in detail all the phenomena that one explains by means of the molecu- 
lar hypotheses and seek to ascertain whether an extremely large 
number of parameters is really necessary to this explanation. Among 
the discontinuous phenomena whose experimental laws are well 
known, the most characteristic are those of spectra in series. One 
knows that the positions of the spectral rays are determined with a' 
very great precision by formulae, of which the first and most simple, 
due to Balmer, includes the difference of the reciprocals of the squares 
of two integers. There, perhaps, is the most remarkable example of 
the intervention of the integer in a natural law. If the laws of this 
kind were more numerous and better known, we would perhaps be 
led to cite arithmetic and the theory of numbers among the branches 
of mathematics which one can connect with molecular physics. Can 
one, by induction, admit that the formula of Balmer is exact, not 
only for small integers concerning which the experimental verifica- 
tion is rigorous, but for many other larger intergers concerning which 
this verification is impossible? And if it is thus, is not there one of 
the discontinuous phenomena whose explanation requires a very 
large number of parameters ? It does not seem so. On the one hand, 
the formula with the variable integer, can contain with precision 

2 Thi? uidlvidual ’Hiowleiige ot points Intervenes in tlie process of ttansmi^sion of tl.e negative to a 
<ia.tunce, I'lilhere Ui.' 'pomVi, ..'.Ihu’ighimnicrons, .Te. however, tri'". a^'c’ re ’ -'V' to oe. (■' Vn i. 
II AS trunsjuic l.y ttlephone an oiciicstml sehoUon, we '’crow iiiai .'1 i ii i .i.ni . of ' ' ' • . ‘ 

ie=iilt,iii the l:.Et fiom ociuiia i ibrations wluch would reciuiio too much time to knov'mdu idiialh ; 

hut, .1 fuel , these eletrieni .try vibrations picbont nothing visiblein musical acstheiies, en exceUt-at composer 
ul musiu can ignore their eiobtenee and an eicoeUeni physicist con he a wretched musician. 




M0LE017LAE THEOETBS AND MATHEMATICS — ^BOEBL. 177 

oeIj a small number of constants; on the other hand, the attempts 
made for explaining the presence of this integer by hypotheses of 
physical discontinuity have led to tho placing of this discontinuity 
in the interior of the atom itself. There is, then, no need of a very 
gi-eat number of atoms; one alone is sufficient, whose structure 
'depends only on certain parameters, on magnetons in tho theory of 
Ritz, parameters whose number is far from being of the order of the 
number of the atoms. 

This remark leads us to consider another category of phenomena, 
to which we have alreadjj- made allusion and in wliich the atoms or 
corpuscles are observed individually. Does not the explanation of 
these phenomena require atomic h}q5otheses? It seems difficult to 
deny it without being paradoxical. We observe, however, that the 
phenomena such as the emission of the ar-particles are susceptible ■ 
only of a globate explanation; it is not possible to foresee with pre- 
cision a determinate emission, but only a mean number. It is, 
then, only this mean number that exists, scientifically spealdng. Tho 
phenomenon which consists in the emission of one particle o; does not 
present the characters which permit of rigorous experimentation. 
We loiow not how to foresee it or how to reproduce it at will. It is 
only the study of the trajectory after the emission that presents 
these characters and in fact this study only requires equations suffi- 
ciently restricted m number so that one can write them aU. The 
atomic hypotheses should permit one to foresee such individual emis-' 
sion, if one could actually calculate with reference to an extremely 
great number of equations; but that is not possible; and in that 
which concerns the glolate conj ecture the atomic hjqiotheses is not, 
at least a pnori, necessary. 

We touch here upon the borders of science, since we attain from 
phenomena accessible to our observation and which depend upon 
causes so numerous that it would be impossible for us to know with 
precision all them complexity. Science remains possible only for moan 
values which one can calculate with precision by means of data accessi- 
ble to observation. 

It is well understood, I think, that I do not contest the legitimacy ■ 
and the utility of molecular theories. My remarks as a mathemati- 
cian can not attain physical reality; at the bottom they reduce them- 
selves to this: All the calculations we shall ever really effect wili 
comprise only a sufficiently small number of equations actually ■writ- 
ten. If we ■write one equation, and if we add that we consider some 
, billions of analogous equations, we do not calculate in fact these 
equations which are not written, but only the written equation, in 
taldng count, perhaps, of the number of the equations which are not 
written, a number which ■wOl also have been written. iiU mathe- 
matical theory, then, reduces itself to a relatively , small number of 
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equations and calculations, and whicli involve a relatively .small 
number of symbols and numerical constants. It is, then, not a fricfri 
absurd to suppose that one migiit imagine a physical model containing 
also a relatively small number of parameters and leading to the same 
equations. However, so long as this model shall not be imagined, 
and perhaps it never will be, the analytical or geometrical researches 
oh functions of a very largo but finite number of variables will be able 
to offer interest to the physicists. 

VI. 

We have alread^mbserved that it is an ordinaiy proceeding in mathe- 
matics to replace a very large finite by an infinite. What may this 
procedure give when we apply it to discontinuous physical phenomena 
whose complexity seems tied np to a very great number of molecules? 
Such are, for example, the phenomena of the Brownian movement 
which we observe when very fine particles are in suspension m an ap- 
parently quiet liquid. These phenomena enter the category of those 
concerning which we were speaking a moment ago, for which only a 
statistical foreknowledge is possible. 

Can we construct an anal3Tical image of it ? Prof. Perrin has 
alreadj’' remarked^ that the observed trajectories in the Brownian 
movement suggested the notion of continuous functions possessing no 
derivative or that of continuous curves possessing no tangent. If 
we observe these trajectories with optical instruments more and more 
periected, we see at each new magnification, new details, the curvi- 
linear arc that we could have traced becomes displaced by a sort of 
broken line whose sides form finite angles with each other; so it is up 
to the limit of the magnifications capable of actual realization. If we 
admit that the movement is produced by the impacts of the molecules 
against the particle, we should conclude from this that we would 
obtain, with a sufiicient magnification, the exact form of the trajectory 
which would present itself under the form of a broken line with 
rounded off angles and which would not be sensibly modified by a 
still further magnification. 

But the analyst is not forbidden to retreat indefinitely into the 
supposed obtainment of this ultimate state and to thus arrive at the 
conception of a curve in which the sinuosities become finer and finer 
in proportion as he employs a higher magnification, without his ever 
obtaining the ultimate sinuosities. This is indeed the geometrical 
image of a continuous function not admitting of a derivative. 

We obtain thus a curve of the same nature, but rather too special 
to stop to consider, when we study the function which Boltzmann 

> Jean rerrin: La fliicontimiit*' do la in.atJSie. du mols, mars 1006. See also Jean Perrin: Les 

atomes (Altaa, 1013). 
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designates by H and Gibbs by -q, and which, represents, in the case of 
a gas, the logarithm of the probability of a determinate distribution 
of the velocities of the molecules. Each collision between two mole- 
cules gives a sudden variation to tiiis function, whicli is thus repre- 
sented by a [serrated or] staircase curve, the horizontal projections 
of the steps corresponding to the intervals of time which separate two 
collisions; the number of the collisions undergone by a molecule licing 
some billions per second (that is to say, of the order of magnitude of 
10®) and the number of molecules of the ol der of magnitude of 10®'* 
(if we consider a mass of some grams of gas), the total number of col- 
lisions per .second is of the order of magnitude of lO®'® power; such 
is the number of steps projected on a portion of the axis of the ab- 
scissge equal to unity, if the second is taken for the unit of time.* 
What the physicists consider is the mean behavior of the curve. They 
replace the serrated curve bj’’ a more regular curve, having the same 
mean behavior in the time intervals which are very small in compari- 
son to the second, but very great in comparison to I O'®® of a second. 

These diverse considerations bring interesting suggestions to the 
analyst, on which I would like to dwell for a moment. 

In the fii’st place, referring to the subject of continuous curves 
•without derivatives of wliich the Brovmian movement has given us 
the image, should the passage from the finite to the infinite lead to a 
curve all of wJiosc points arc points of discontinuity, or to a curve 
which admits an infinitude of points of discontinuity but also an 
infinitude of points of continuity? For properly understanding the 
question, it is necessary to briefly recall the capital distinction between 
the denumerable iafinity and the conthmous infinity. An infiLaite 
ensemble is said to be denumerable if its terms can be enumerated 
by means of integers; such is the case for the ensemble composed of 
terms of a simple or multiple series; we can also cite as a denumerable 
ensemble the ensemble of the rational numbers. On the other hand, 
the ensemble of all the numbers comprised between 0 and 1, both 
commensurable and incommensurable, is not denumerable; we say 
that tlfis ensemble has the same power as the continuum. If we define 
a discontinuous function by a scries each term of which admits a point 
of discontinuity, the ensemble of these points of discontinuity is 
denumerable, as are the terms themselves. Can we determine a 
function which shall be totally discontinuous — that is to say, one whose 
points of discontinuity shall he all the points of a continuous ensem- 
ble, and not merely those of a denumerable ensemble? It would 
seem to be easy to imagine such a function. Such is the fimction 
often studied which is equal to 1 if a: is commensurable and to a: if a; is 

1 Tins discontinuity supposes, as is well understood, tMt v c consider the duration ot a collision as less 
than the mean interval o£ two colUslons (in the whole mass), a liypothesis admissible with difficulty. 
The schema to which this hypothesis leads, is not less mterestmg from the analytical point ol view. 




incominenstirable; this function is indeed discontinuous, as much so 
for the commensurable values as for the incommensurable values. 
If we look a little closer, we perceive that the discontiuuity is not of 
the sarue nature in these points; we would observe, in fact, that the 
commousurahlc numbers occupy infinitely less space on the axis of 
the x's than do the incommensurable numbers. The ensemble of 
these commensurable numbers is of dimension zero — that is to say, 
it can bo confined within intervals whose total extent is less than any 
number given in advance. Speaking in more concrete terms, if we 
choose a number at random, the probability that it be commensurable 
is equal to zero.‘ We therefore conclude that the function equal to 
X for the incommensurable values of the variable is, on an average^ 
continuous for these incommensurable values whatever be its values 
for the commensurable values — -that is to say, that if we choose, in 
the neighborhood of an incommensurable value, for which wo study 
the continuity, another value taTcen at random, it is infinitol}'- probable 
that this value taken at random will also be urcomniensurable. It 
is, then, infinitely probable that the variation of the function will he 
infinitely small when the variation of the variable is small. 

This remark enables us to understand that it would not have been 
possible to define analytically a function all of whose points should 
be actually points of total discontinuity. It is only in points deter- 
mined according to the definition of the function, and playing a par- 
ticular part in this definition, that the function is actually discontin- 
uous on an average. 

The passage from the finite to the infinite, when we are concerned 
with the discontinuity of functions is, then, not effected after the 
manner which is the most usual in classical mathematical physics, 
where the matter is supposed to ho continuous, and where we replace 
the finite by the contimious. We are led to conceive a different 
process, which appears, besides, more in harmony with the molecular 
conception and which consists in replacing the very great finite by the 
denumerable infinite. 

This is the way in which the analytical generalization of such curves 
as the curves H presents itself from this point of view: Let us con- 
sider a number written in the form of an interininate decimal frac- 
tion and let us imagine that the figures which follow the decimal 
pomt are grouped in successive periods, each period containing many 
more figures than the preceding period. To each period we shall 
make correspond one term of a series, tliis term being equal to zero 
if in the corresponding period tbe ratio of the number of even figures 
to the number of odd figures is comprised between 0.4 and 0.6, while 
if this ratio is not comprised between these limits, the term corre- 

ffo give one’s self a i indoni numter, ho can agr, o to rh'^cis'' r.( i.miloui :ho iuc'ss'ive figures of the fieoj- 
inal/rnoijou \.'luoh is equal loil; I'lO prooahilily that tins desimtl fi action bo fiuiie or periodic ts etadentljr ' 
equal to zero. ‘ ' , 
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spending to the period is equal to the term of the same order of a 
certain convergent series with positive terms. It is clear that, if the 
lengths of the successive j^eriods hicreasc rapidly, it is infinitely 
probable that a small number of periods only will furnish terms differ- 
ent fi’om zero. Consequently, the scries which corresponds to the 
decimal number will be terminate; this terminate series has a certain 
sum, wliich remahis the same so long as the decimal number varies so 
little that the last one of the periods wliich furnished a term to the 
series be not modified; at least, in the interval thus defined, it is ex- 
tremely probable that the function corresponding to the decimal 
number preserves this constant and well determined value — that is 
to say, is represented by a horizontal line. However, there arc in this 
interval, as in every interval, particular decimal numbers for which 
certain periods of high order, perhaps even an infinitude of sucli 
periods, are irregular from the point of view of the distribution of the 
even and odd figures. There are then intervals which are extremely 
small, and, on an average, extremely rare, but nevertheless every- 
where dense, in which the curve runs up above the horizontal line 
which in general represents it. In one of these points, which we may 
call mauma of the curve, it is extremely probable that, if we take a 
neighboring value of the variable at random, the function will dimin- 
ish — that is to say, that this point has, on an average, the character 
of a maximum m a point. 

In the preceding example the maxima are represented by intervals 
more or less narrow but finite. One can in modif}dng shghtly the 
definition obtain a curve which would coincide everywhere with the 
axis of X, excepting in points not filling any interval. It suffices to 
agree that, in the series which we have just defined, we replace by zero 
every term which is followed by an infinitude of terms equal to zero. 
The new series can then he different from zero only if the terms of the 
fii’st series are all, starting from a certain order, different from zero. 

The study of the analytical models thus obtained lead one to 
thoroughly examine the theory of functions of real variables and 
even to conceive new notions, such as the notion of average derivative ^ 
naturally suggested by the physical example of the function H. 
Besides, it is necessary to observe that, in the study of these func- 
tions, the notion of continuous ensemble is often combined with 
the notion of denumerable ensemble; for example, it is easy to see 
that the ensemble of decimal numbers whose figures are all odd 
present certain characters of the ensemble of all the decimal num- 
bers; it has, as we say, the power of the continuum,^ but it is, however, 
of zero dimension. 

JSee flmile Eorel: Comptes rondus de I’Aoaddmle ds3 Scieaeeg, April 29, 1912. 

3 If, in a decimal number all of whole figures are odd, we replace the respective figures 1, 3, 5, 7, 9 by the 
figure? 0, 1, 2, 3, 1, we can. consider the number as any number whatever ivritten m the system i\ hose base Is 5 
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We may also connect with, these considerations the theory of 
clennmerable probabilities, that is to say, the study of probabiUties, 
in the case where either the infinitude of trials or the infinitude of 
possible cases is denumerable, a study lying between the study of 
probabilities in the finite cases and the study of continuous proba- 
bilities. 

VII. 

' In spite of the interest of problems relating to functions of a real 
variable, it is the theory of functions of a. complex variable which, 
since the immortal discoveries of Canchy, is really the center of 
analysis. The analogy between the theory of the functions rvhich 
Cauchy has called monogenic functions and that which we often 
call anahdical functions and the theory of Laplace’s equation which 
potentials satisfy, is certainly one of the most fruitfid of the analo- 
gies of analysis. We Ivuow all the advantage that liiemami has 
reaped from the theory of potential and from the intuition of 
physics in his proforuid researches upon the functions of a complex 
variable. 

It is then natural to ask one’s self what new ideas can the molecular 
theories bring fonvard hr the domain of complex variables. Here 
again we shall be led to replace the very large finite number by the I 
denumerable infinity. It is easy to form series each term of which 
presents a singular point, the ensemble of the terms of the series 
thus possessing a denumerable infinitude of singular points. These 
singular points may, for example, be so chosen as to coincide with 
all. such points among the points inside of a square whose two coordi- 
nates are rational. The most simple series that we can thus form 
presents itself under the form of the sum of a series of fractions 
eaob of which admits a imique pole, which is a simple pole. The 
physical interpretation in the domain of the real of such a series 
leads one to consider the potential of a system composed of an 
infinitude of isolated points, the mass concentrated in each of the 
points being finite (which leads to the admission that the density 
in each such point is infinite if the pomt be abstractly considered as 
a simple geometrical point ■without dimensions). We suppose, as 
is well understood, that the series whose terms denote the values 
of the masses is convergent, which amounts to saying that the total 
mass is finite, although concentrated in an infinitude of distinct 
points, for example, in all the points whose two coordinates are 
rational numbers. The potential -with which we are now concerned 
is ill the case of a plane what we call logarithmic potential. We 
should be able to reason in an analogous manner in space of three 
dimensions; we should then have the Newtonian potential properly 
speaking. 
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The hypothesis that the attracting masses arc simple material 
points without dimensions is difficult to accept from a physical 
point of view. We are thus led to carry out the analytical oper.i- 
tion of dispersing this mass in a small circle (or small s\)here) having 
the point for center^ vnthout changing the potential outside of this 
circle (or sphere). We shall call this circle (or sphere) the “sphere 
of action” of the point which coincides with its center. Wc shall 
choose its radius to be proportional to the mass concentrated at its 
center. In such a fashion that if the series formed by the masses 
converges sufficiently rapid, we can so arrange that the radii of the 
spheres of action also form a rapidly convei’ging series, and that, at the 
same time, the maximum density of the attracting mass bo fhiito. 
It is also easy, if we admit that we dispose arbitrarily of the distri- 
bution of the masses and densities, to arrange so that the distribu- 
tion in each sphere of action reduces to zero, and so for its derivaiives, 
over the whole surface of the sphere.. The distribution of the density 
is thus not only finite, but continuous throughout space. 

The hypothesis that we have made concerning the convergence of 
the series Avhose terms are the radii of the spheres of action implies 
the convergence of the series whose terms are tlio projections of those 
spheres on any straight line whatever. If, then, in this series we 
suppress a certain number of the first terms, the remamder of the 
series can be made less than any number fixed in advance. From this 
we conclude that, in an interval small as you please, taken on the 
straight line on which we project the spheres, we can find an infinite 
number of points which appertain at the most to a finite number of 
such projections, namely, those belonging to the, splicrcs vS which 
correspond to the first terms of the series and which we have sup- 
pressed for rendering the remainder less than the interval considered. 
If we consider a plane perpendicular to the right lino and passing 
through one of these pomts (this point being chosen, as is possible, 
distinct from the projections of the centers of tho spheres S, finite in 
; number, concerning winch we have just spoken), this plane vill at 
most intersect a finite number of spheres S without going through 
then centers, but will be exterior to all the other spheres of action. It 
is possible to modify the distribution of the matt or -within the spheres 
S which are finite in number and intersected by tho plane in such 
Sr maimer as to replace these spheres by smaller spheres •^vhich do 
not intersect the plane, this operation not modifying the potentijil 
outside of the spheres and the density remaining finite, since tho 
operation relates to only a limited number of spheres. To sum up, 
it is possible to find a plane perpendicular to any light line whatever, 
cutting out of this lino any segment whatever given in advance and 
such that in all the points of this plane the density shall be zero, 

' Since our potential function is defined by a density everywhere finite. 
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anti continuous, this potonlial satisfies the equation of Poissou, which 
reduces itself to the equation of Laplace wherever the density is zero; 
that is to say, in all the points of the planes wliich we have just 
definetl. It was not profitless to insist upon this point, for these 
planes may traverse regions of space in wliich the given material 
points are everywhere dense, as arc, for example, all the points whoso 
coordinates are rational numbers . We might have entertained a fear 
lost there, should not bo free space between the points so much pressed 
together in any manner whatever; we have, just seen that this fear 
is not justified. The theorem of the theory of ensembles which is 
necessary and sufficient for demonstrathig this result in a rigorous 
manner is the following: If on the segment of a straight line we have an 
infinite number o f partial segments (in space, the projections of spheres 
of action) whose total length is less than the length of the segment, there 
exists on this segment an in finite number of points which do not pertain 
to any of the padial segments. Tliis enunciation is almost evident, 
and, besides, it is easy to rigorously demonstrate. 

In the case of the plane wo shall replace the spheres by circles and 
the plane perpendicular at a pomt of the segment by a perpendicular 
straight Ihic. We easily prove that, even in the region where the 
singular pomts are everywhere dense, there are points in which an 
infinite number of such liues intersect at which the density is zero. 
In these points logarithmic potential function satisfies Laplace’s 
equation in two variables. If we study in a similar way the function 
of a complex variable with poles dense m one region, we define in 
this region an infinite number of straight lines of continuity inter- 
secting in all directions, the function admitting derivatives which 
are coutmuous on these lines, and the derivative having the same 
value in all the directions in each of the points of intersection. For 
expressing this fact we .shall employ the expression created by 
Oaticliy for designating functions which admit a derivative inde- 
pendent of the aiguinent of the increment of the variable. These 
functions will be called monogenic; but they are not analytical, if we 
reserve for tho word “analytical” the very precise meaning which 
it has possessed since the labors of Weiersti’ass. 

Without lingering on the physical analogies suggested by the 
existence of planes v/hich do not hitcrsect the spheres of action of 
tho attractmg masses, I wish to insist a little upon the nature of the 
mathematical problems set by tbe existence of the monogenic but 
nonanalytical functions. 

We know that the essential property of analytical functions is 
that of being determinate in. their whole domain of existence when 
their values are given, in one portion, however little it may be, of 
this domain. Is this property a consequence of analytioity — thatris 
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to aay, of tho oxistojico of llie 'TiirUn' soj’ios, with radiu,s of ooju'or- 
gencG dilferent from zero --or of iuouogoadty; <hat Is to 3 {i,y, of the 
existeuco of tlio iniLque derivative’ This question has no nieaning 
so long as we can confound analyticity with rnoiiogencity. On the 
other hand, it takes a very clear sigailioation as soon as we have 
succeeded in constructing nonanalytical monogenic functions. 

To-day T cair not eTiter into the detail of the deductions whereby 
this problem has been resolved.^ Here is the residt' It is, bidoed, 
inonogeueity nddcli is the essential character to which the funda- 
mental property of iuialytioal functions is due. Idm fiuidaiucntal 
property subsists for the nonanal3''tical monogenic functions as soon 
as we specif 3'' clearly the nature of the domains in which these func- 
tions are considered. I have proposed to call the domains sati 3 f 3 dng 
those distinct conditions domains of Cauch3' A domain of Cauchy 
is obtained b3’' cutting off from a continuous domain domains of 
exclusion analogous to the spheres of action just mentioned, domains 
wdiicli may ho infinite in number, but whose sum cair be supposed to 
bo less than any given mnnber (just as the spheres or circles of exclu- 
sion just considered, whoso radii once chosen wo can multiph’- b3' 
any number less than unity, and are free to increase the upper limit 
of tlie density in tlie same time that wo decrease the radii of exclusion). 

The series formed by these excluded domains should, as is well 
understood, be supposed to be convergent; moreover, wc ought to 
suppose that its convergence is more rapid than that of a determi- 
nate series which it is not necessary to write here. Under these 
conditions, wliich refer only to the domain and not to the function, 
every function wliich in Cauclw's domain satisfies the fundamental 
equation of monogenity' possesses the essential propert3"' of tlie ana- 
lytical function Wo can calculate it throughout its domain of 
existence b3'' the Icnowledge of its derivatives at one point (the exist- 
ence of thefu'st derivative involves the existence of all the deiivatives, 
at least in a certain domain which forms part of the Cauch3’' domtiin) 
and this mode of calculation implies the consequence tliat, if the 
monogenic function bo zero on an arc however small, it is zero in 
ever3’' point of the domain of Cauchy. Two functions can not, then, 
coincide on an arc -without coinciding throughout their domain of 
existence, in the generalized sense. 

I can not develop the consequences of these results from point of 
•view of the theory of functions; but I would, in closing, submit to 
you some reflections which they suggest, upon riie relations between 
mathematical and physical continuity. 

■•See Emile Borel: Dfiflnltlou et domfline d’exlstenoe des fonetions iiionogiaes uaiformes (rilth. Inter- 
national Congress of Matliematleians, flamtrldge (.England), 1912) Lea fonetions monog6nes non nnaiy- 
tlqucs (Bulletin da la SoelSbS matliSmatique da Erauee, 1912) . 
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The majority of the equations whereby we interpret the physical 
phenomena have certain properties of continuity. The solutions 
vary in a continuous manner, at least during a certain interval 
greater or less in length, when the given quantities vary in a contin- 
uous manner. Besides, this property is not absolutely general, and 
it might happen that the theories of the quanta of emission or absorp- 
tion may lead to attaching more importance than has been done here- 
tofore to exceptional cases; but to-day I do not wish to begin this 
discussion. I rest content with the general property, verified in a 
very great number of cases. 

When we seek to interpret this property in the theory of the poten- 
tial and of the monogenic functions, we should expect, if for simpli- 
fication we confine oumelves to the real functions of a single A'ariable, 
to find a sort of continuous passage between such of these functions 
as are analytical in the Weierstrassian sense and those wliich are en- 
tirely discontinuous. But it is tlus which does not occur unless we 
consider nonanalytical monogenic functions. From the mojuent 
when a function ceases to be auatytical, it no longer possesses any of 
iho essential properties of analytical functions; the discontinuity is 
sudden. The new monogenic functions permit one to define func- 
tions of real variables which might be called quasianalytical and 
which constitute in some way a zone of transition between the class- 
ical analytical functions and the functions which are not determined 
by the Icnowledge of their derivatives in a point. This transition 
zone deserves to he studied; it is often the study of hybrid forms 
wMch best teaches in reference to certain properties of clearly deter- 
mined species. 

We see that the points of contact between molecular physics and 
mathematics are numerous. I have been able only to rapidly point 
out the principal ones among them. I am not competent to ask 
whether the pliysicists will be able to derive an immediate profit 
from these analogies; but I am convinced that the mathematicians 
can only gain bj’' going into them thorouglJy . It is always by a con- 
tact with nature that mathematical analysis is revived. It is only 
because of this permanent contact that it has been able to escape 
the danger of becoming a pure symbolism, revolving in a circle about 
itself: it is owing to molecular physics that the speculations on dis- 
continuity are to take their complete signification and be developed 
in a way really fruitful. And, for lack of exact applications impossi- 
ble to foresee, it is sufficiently probable that the mental habits cre- 
ated by these studies will not be without advantage to those who 
shall desire to undertake the task, which will soon be imposed, of cre- 
ating an analysis adapted to theoretical researches in the physics of 
discontinuity. 
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r\rallu*mn.Lica has a largo household aud tliero are always rumors of 
prospective additions despite her age and her siii^posed austerity. 
Without aimmg to give a complete list of the names of the members 
of this household we may recall here a few of the most prominent 
ones. Among those wliich antedate the beginning of the Christian 
era arc surveying, spherical astronomy, general mechanics, and mathe- 
matical o]>tics. Among the most tlniving younger mombci's are 
celestial mechanics, thermodynamics, mathematical electricity, and 
molecular physics. 

Usually a largo household serves as one of the strongest incentives 
to activity, and mathematics has always responded heartily to this 
incentive. As the most efficient contumed service calls for unusual 
force and ingenuity, mathematics has had to provide for her own 
development and proper nourislunent in addition to pi’oviding as 
liberally as possible for her household. This double object must bo 
kept prommently before our eyes if we v/ould com}>rchend the present 
mathematical actmtics and tendencies. 

There is another important incentive to mathematical activity 
which should be mentioned in tbis connection. Jifathematics has 
been very hospitable to a large number of other sciences and as a 
consequence some of these sciences have become such fi’equent 
visitors that it is often difficult to distinguish them from the regular 
members of the household. Among these visitom are economics, 
dynamical geology, dynamical meteorology, and the statistical parts 
of various biological sciences. Visitors usually expect the best that 
can be provided for them, and the efforts to please them frequently 
lead to a more careful study of available resources than those which 
are put forth in providing for the regular household. 

We have thus far spoken only of what might he called the material- 
istic' incentives for mathematical development. While these have 
always been very significant, it is doubtful whether they have been 
the most powerful. Symmetry, harmony, and elegance of form have 

I Head tefore the Hhnois Chapter of the Sociely of the Sigma Xi, ApnJ, 1012, and reprinted hy pennisaton 
from Science, Inna ", 1912. 
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almys appealed powerfully to dame mathematics; and a keen 
curiosity, fanned into an -intense flame by little bits of apparently 
incoherent information, has inspired some of the most arduous and 
prolonged researches. Incentiyes of this kind liave led to the mathe- 
matics of the invisible, relatmg to refinements which are essentially 
foreign to counting and measui*ing. The first important refinement 
of this type relates to the concept of the irrational, introduced by the 
ancient Greeks. As an instance of a comparatively recent develop- 
ment along this line we may mention the work based upon Dedekind’s 
definition of an infinite aggregate as one iii which a part is similar or 
equivalent to the whole.‘ 

Mathematics is commonly divided into two parts called pure and 
applied, respectively. It should be observed that there are various 
degrees of purit)’’, and it is very difficult to say where mathematics 
becomes sufficiently impure to be called applied. The engineer or 
the physicist may reduce his problem to a differential equation, the',^^ 
.student of differential equations may reduce his troubles to a question’/ 
of function theory or geometry, and the workers in the latter fields ■ 
find that many of their difficulties reduce themselves to questions in 
number theory or in higher algebra. Just as the student of applied 
mathematics can not have too thorough a training hi the pure mathe- 
matics upon which the applications are based so the student of some 
parts of the so-called pure mathematics can not get too ’thorough a 
trainhig in the basic subjects of this field. 

As mathematics is such an old science and as there is such a close 
relation between various fields, it might be supposed that fields- of 
research would lie in remote and almost inaccessible parts of thib 
subject. It must be confessed that this vuew is not without some 
foundation, but these are days of rapid transportation and the 
student starts early on his mathematical journey. The question as 
regards the extent of explored country which should be studied 
before entermg unexplored regions is a very perplexing one. A life- 
time would not suffice to become acquainted with all the known fields, 
and there are those who are so much attracted by the explored regions 
that they do not find time or courage to enter into the unknown. 

In 1840 C. G. J. Jacobi used an illustration, in a letter® to his 
brother, which may serve to emphasize an important point. He 
states that at various times he had tried to persuade a young man to 
begin research in mathematics, but this young man always excused 
himself on the ground that he did not yet know enough. In answer 
to this statement Jacobi asked this man the following question: 
‘‘Suppose your family would \mh you to marry would you then also 

I "Eaeyclopedio des soionoes maUitoaaqaos,” vol. i., pt. 1, IS04, p. 2. 

UiqueU alter Mathematil: Sind die ganien ZaMen,” Minkowski, Diophantisolie Approzlmatioa, 
ISOTiPrai'ace. 

5 “BriehyoeLsol zwisehen C. G. J. Jacobi und M. H. Jacobi,” 1907, p. 64. 
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reply that you did not see how you could marry now, as you had not 
yet become acquainted with all the young ladies ?” 

In connection with this remark by Jacobi we inay recall a remark 
by another prominent German mathematician who also compared 
the choice of a subject of research with mariiage. In the “Fest- 
scluift zur Feier des 100 Geburstages Eduard Kuminsr,” 1910, page 
17, Prof. Hensel states that Kumraer declined, as a matter of prin- 
ciple, to assign to students a subject for a doctor’s thesis, saying 
that this would seem as if a young man would ask him to recom- 
mend a pretty young lady w'hom this young man should marry. 

Wliile it may not be profitable to follow these analogies into 
details, it should be stated that the extent to -which a subject has 
been developed does not necessarily affect adversely its deshability 
as a field of research. The gi’eater the extent of the development 
the m-ore frontier regions will become exposed. The main question 
is whether the new regions which lie just beyond the frontier are 
fertile or barren. This ejuestion is much more important than the 
one which relates to the distance that must be traveled to reach 
these new fields. Moreover, it should be remembered that mathe- 
matics is n/-dimensionai, n bemg an arbitrary positive integer, and 
hence she is not limited in her progress to the dhections suggested 
by our experiences. 

If we agree with Minkowsld that the integers are the source of all 
mathematics,^ wo should remember that the numbers which have 
gained a place among the integers of the mathematician have in- 
creased w'onderfully during recent times. According to the views 
of the people who preceded Gauss, and according to the elementary 
mathematics of the present day, the integers may be represented 
by points situated on a straight line and sepai'ated by definite fixed 
distance. On the other hand, the modern mathematician does not 
only fill up the straight line with algebraic integers, placing them 
so closely together that between any two of them there is another, 
but he fills up the -whole plane equally closely with these integers. 
If our knowledge of mathematics had increased during the last two 
centuries as greatly as the number of integers of the mathematician 
we should be much beyond our present stage. The astronomers 
may be led to the conclusion that the universe is probably finite, 
from the study of the number of stars revealed by telescopes of 
various powers, but the mathematician finds nothing which seems to 
contradict the view that his sphere of action is infinite. 

From what precedes one would expect that the number of fields 
of matbematical research appears unlimited, and this may serve to 

1 This view was expressed earlier by Eroneeker, who -sras the main founder of the school of raathematl- 
dans who aim to make the concept of the positive integers the only foundation of mathematics. Cf, Eleia 
und Sebimmack, “Der mathematische -Uaterriciit an den hSheren Sehulsn,” 1907, p. 175. ■ 
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furnish a partial explanation of the fact that it seems impossible to 
give a complete de&iition of the term mathematics. If the above 
view is correct, we have no reason to expect that a complete defini- 
tion of this term will ever be possible, although it seems possible 
that a satisfactory definition of the developed parts may be forth- 
coming.^ 

Among the various fields of research those which surround a 
standing problem are perhaps most suitable for a popular exposi- 
tion, but it should not be inferred that those are necessarily the 
most important poiirts of attack for the young investigator. On the 
contrary, one of the chief differences heWeen the great mathemati- 
cian and the poor one is that the former can direct his students into 
fields which are likely to become well known in the near future, 
wliile the latter can only dhect them to the well-known standmg 
problems of the past, whose approaches hav’e been tramped down 
solid by the feet of the mediocre, who are often even too stupid to 
realize their limitations. The best students can work their way 
through this liard crust, but the paddle of the weaker ones will 
only serve to increase its thickness if it happens to make any impres- 
sion whatever. 

It would not be difficult to furnish a long list of standmg mathe- 
matical problems of more or less historic interest. Probably all 
would agree that the most popular one at the present time is Fer- 
mat’s greater theorem. In fact, this theorem has become so popular 
that it takes courage to mention it before a strictly mathematical 
audience, but it does not appear to be out of place before a more 
general audience like this. 

The ancient Egyptians knew that and the Hindus 

knew several other such triplets of integers at least as early as the 
fourth century before the Christian era.^ These triplets constitute 
positive mtegral solutions of the equation 

+ = 

Pythagoras gave a general rule by means of which one can find 
any deshed number of such solutions, and hence these triplets are 
often called Pythagorean numbers. Another such rule was given by 
Plato, while Euclid and Diophantus generalized and extended these 
rules. 

Fermat, a noted French mathematician of the seventeenth century, 
wrote on the margiu of a page of his copy of Diophantus the theorem 
that it is impossible to find any positive integi'al solution of the. 
equation 

+ = (u>2). 

1 BSeJier discussed some of the proposed definitions in the Bulletin of the American Mathematical Society, 
TOl.2(ig04),p.U5. 

» Lietjtnann, “ r>er Pythagoreische Lehrsatz,” 1912, p. 52. 
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He added that he had discovered a wonderful proof of this theorem, 
but that the margin of the page did not afford enough room to add 
This theorem has since become known as Fermat’s greater theo- 
rem and has a most interestiug and important history, which we pro- 
ceed to sketch. 

About a century after Fermat had noted this theorem, Euler 
(1707-1783) proved it for all the cases when n is a multiple of either 
3 or 4, and during the follovnng century Dirichlet (1S05-1S59) and 
Legendre (1752-1833) proved it for all the cases when n is a multiple 
of 6, The most hnportant step toward a general proof was taken 
by Kummer (1810-1893), who applied to this problem the modem 
theory of algebraic numbers and was thus able to prove its truth for 
all multiples of primes which do not exceed 100 and also for all the 
multiples of many larger irrimes. 

The fact that such emhient mathematicians as Fermat, Euler, 
Dirichlet, Legendre, and Kummer were greatly interested in this 
problem was sufficient to secure for it considerable prominence in 
mathematical literature, and several mathematicians, including 
Dickson, of Chicago, succeeded in extending materially some of the 
results indicated above. The circle of those taking an active interest 
in the problem was suddenly greatly enlarged, a few jrears ago, when 
it became known that a prize of 100,000 marlis (about 825,000) was 
awaiting the one who could present the first complete solution. 
This amount was put in trust of the Gottingen Gesellschaft der Wissen- 
schaften by the will of a deceased German mathematician named 
Wolfskehl, and it is to remain open for about a century, until 2007, 
unless some one should successfully solve the problem at an earlier 
date. 

It is top early to determine whether the balance of the effects of 
this prize will tend toward real progress. One desirable feature is the 
fact that the interest on the money is being used from year to year to 
further important mathematical enterprises. A certain amount of 
this has already been given to A. Wieferich for results of importance 
toward the solution of Fermat’s problem, and other amounts were 
employed to secure at Gottingen courses of lectures by PoincarS and 
Lorentz. 

What appears as a bad effect of this offered prize is the fact that 
many people with very meager mathematical training and still less 
ability are wasting their time and money by working out and publish- 
ing supposed proofs. The number of these is already much beyond 
1,000, and no one can foresee the extent to which this kind of hterature 
will grow, especially if the complete solution v/ill not be attained 

1 Eermat’s words are as follows; “Cujus rei demonstrationem mirabUem sane detesi. Hane marginis 
eslguitas non caperet.” 
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during the centmy. A great part of this xvaste would be eliiuinated 
if those who would like to test their ability along this line could be 
induced to. read, before they offer their work for publication, the dis- 
cussion of more than 100 supposed proofs v/hose errors are pointed 
out in a German mathematical magazine called “Archiv der Mathe- 
matik und Physik,” published by B, G. Teubner, of Leipzig. A very 
useful pamphlet dealing uith this question is entitled, “Ueber das 
letzte Fermatische Theorem, von B, Lind,” and was also published by 
B. G. Teubner, in 1910. 

A possible good effect of the offered prize is that it may give rise 
to new developments and to new methods of attack. As the most 
successful partial solution of the problem was due to the modern 
theory of algebraic numbers, one would naturally expect that further 
progress would be most likely to result from a further extension of this 
theoiw, or, possibly, from a still more powerful future theory of num- 
bei-s. II such extensions will result from this offer they will go far 
to offset the bad effect noted above, and they may leave a decided 
sur],)lus of good. Such a standing problem may also tend to lessen 
mathematical idolatry", wlrich is one of the most serious barriers to 
real progress. We should Welcome everything which tends to elevate 
the truth above our idols formed by men, institutions, or books. 

In \iew of the fact that the offered prize is about $25,000 and that, 
lack of marginal space in his copy of Dlophantus Was the reason 
given by Fermat for not communicating his proof, one might be 
tempted to wish that one could send credit for a dime back through 
the ages to Fermat and thus secure this coveted prize and the won- 
derful proof, if it actually existed. This might, however, result more 
seriously than oire would at first suppose; for, if Fermat had bought 
on credit a dime’s worth of paper even during the year of his death, 
1665, and if this bill had been drawing compound interest at the rate 
of 6 per cent since that time, the bill would now amount to more than 
seven times as much as the prize. It would therefore require more 
than $150,000, in addition to the amount of the prize, to settle this 
bill now. 

WTiiie it is verj?- desirable to be familiar with such standing prob- 
lems as Fermat’s theorem, they should generally be used by the 
young investigator as an indirect rather than as a direct object of 
research. Unity of pmpose can probably not be secured in. any 
better way than by keeping in close touch with the masters of the 
past,^ and this unity of purpose is almost essential to secure real 
effective work in the immense field of mathematical endeavor. As 
a class of problems which are much more suitable for direct objects 
of research on the part of those who are not in close contact with a 

> Darbous, EuUetia des Seiences Matlidmatiques, toI, 32 (1908), p 107. 
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master ia Ms field, we may mention the numerous prize subjects 
widch are announced from year to year by foreign academies. 

Among the learned societies wMcb. announce such subjects the 
Paris Academy of Sciences is probably most %videly known, but there 
are many others of note. The subjects announced annually by these 
societies coyer a wide range of mathematical interests, but they are 
frequently bej’oncl the reach of the j^oung investigator.^ It is vor}'' 
easy to obtain these subjects, since they generalh' appear in the 
‘■'notes” of many mathematical journals. In our country the Bul- 
letin of the American Mathematical Society is rendering very useful 
service along this and many other hues. 'While some of these sub- 
jects are very general, there are others •vvhich indicate clearly the 
particular difficulties which must be overcome before further progi-ess 
in certain directions seems possible and hence these subjects deserve 
careful study, especially on the part of the younger investigators. 

As long as one is completely guided, in selecting suhjccts for re- 
search, by the standing problems or by the subjects announced by 
learned bodies and those proposed individually by prominent inves- 
tigators, one is on safe ground. Eeal progress along any of these 
lines is welcomed by our best journals, as such progi’ess can easily be 
measured, and it fits, into a general trend of thought which is easily 
accessible in view of the many developed avenues of approach. 
Eotvfithstanding these advantages, the real investigator should reach 
the time when he can select his own problems without advice or 
authority; when he feels free to look at the whole situation from a 
higher point of view and to assume the responsibility of an inde- 
pendent choice, irrespective of the fact that an independent choice 
may entail distrust and misgivings on the part of many who would 
have supported him nobly if he had remained on their plane. 

In looking at the whole situatioir from this higher point of view 
many new and perplexing questions confront us. Why should the 
developments of the past have followed certain routes? What is 
the probability that the development of the territory lying between 
two such routes wili exhibit new points of contact and greater unity 
in the whole development ? What should be some guiding principles 
in selecting one rather than another subject of investigation '? What 
explanation can we give for the fact that some regions bear evidences 
of great activity in the past but are now practically deserted, while 
others maintained or increased their relative popularity through all 
times ? 

One of the most important tests that can be applied to a paiticular 
mathematical theory is whether it serves as a unifying and clarifying 
principle of wide applications. 'Whether these applications relate to 

I For solutions of sucli problems in pure matbematios by Americans, see BuUetin of the xlmerican Mathe- 
matical Society, vol. 7 (1901), p. 190; vol; 16 (1910), p. 267. . ' ^ 
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pure mathematics only or to related fields seems less important. In 
fact, tlie. subjects of application may haTe to be developed. If this 
is the case, it is so much, the better provided always that the realm 
of thought whose relations are eshibited by the theory is estonsive 
and that the relations are of such a strildng character as to appeal to 
a largo number of mathematical intellects of the present or of the 
future. Some isolated facts may be of great interest, but as long as 
they are isolated they have little or no real mathematical interest. 
One object of mathematics is to enable us to deal with infinite sets 
with the same case and confidence as if they were individuals. In 
this way onh" can our finite mind treat systematically some of the 
infinite sets of objects of mathematical thought. 

In comparatively recent years the spirit of organization has made 
itself felt among mathematicians ■^vith rapidly increasing power, and 
it has already led to many important results. Beginning ■with small 
informal organizations in which the social element was often most 
prominent, there have resulted largo societies, national and even 
international, vdth formal organizations and with extensive publica- 
tions. In reforoace to one of these early organizations, the mathe- 
matical society of Spitalfields in London, which lasted for more than 
a century (1717-1845), it is said that each member was expected to 
come to the meetings vith his pipe, his mug, and his problem.^ 

The modern mathematical society is dominated by a different 
spirit. It generally supports at least one organ for publication, and 
scholarly publicity develops scholarly cooperation as well as scholarly 
ambitions. This cooperation has led to movements which could not 
have been undertaken by a few indmduals. One may recall hei’e the 
Be^'uie Seinestrielle, published under the auspices of the Amsterdam 
Idathcmatical Society; the extensive movement to examine and 
compare methods and courses of mathematical instruction in various 
countries, iiraugiiratcd at the fourth international congress, held at 
Rome in 1908; and, especially the great mathematical encyclopedias, 
whose start was largely influenced by the support of the deutschen 
Mathematiker-Vereinigung as expressed at the Vienna meeting in 
1894. The French edition of the latter work, which is now in the 
course of publication, is expected to tuclude 34 large volumes, besides 
those which are to be devoted to questions of the philosophy, the 
teaching, and the history of mathematics. 

These encyclopedias and other large works of reference are doing 
much to expedite travel in the mathematical field. In fact, it would 
probably not be exaggerating if we should say that by these encyclo- 
pedias alone the distances in time and effoi't between many points 
of the mathematical field have been cut in two. In this connection 
it may be fitting to recall -with a deep sense of obligation the great 

1 '‘'Eswurdevoxijeclera.erwartetjds^erseiiiePfeifejSeineiiKruguadseia Pro’bleni mitbrioge.” CautoF, 
“Vorlesungenueber Gesehichte<ierHath8matik,”vol.4,l908,p_.59. . ' - 
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work which, is being done by the Royal Society of London — ^not only 
for mathematics, but also for a large number of other sciences — in pro- 
viding bibliographical aids on a large scale. If the increase in knowl- 
edge will always be attended by a corresponding increase in means to 
learn readily what is known, even the young investigator of the future 
■Rull have no reason to regret the extent of the developments. On the 
contrary, these should make Iiis task easier, since they furnish such a 
great richness of analogies and of tried methods of attack. 

The last two or three decades have \vituessed a gi'eat extension of 
mathematical research activity. As a result of this we have a large 
number of new mathematical societies. A few of the most recent 
ones are as follows: Calcutta lilathematical Society (1908), Man- 
chester Mathematical Society (1908), Scandinavian Congress of 
]\Iathematicians (1909), Swiss Mathematical Society (1910), S])anish 
Mathematical Societj^ (1911), and the Russian Congress of Mathe- 
maticians (1912). In Japan a new matJiematical periodical, called 
Tdhoku Mathem^atical Journal, was started in 1911, and a few years 
earher the Journal of the Indian Mathematical Society was started 
at Madras, India. The Calcutta Mathematical Society and the 
Spa.nisji Llathematical Society have also started new periodicals 
during the last two or three years. 

While there has been a very rapid spread of mathematical activity 
during recent years, it must be admitted that the greater part of the 
work which is being done in the new centers is quite elementar}* from 
the standpoint of research. The city of Paris continues to hold its 
preeminent mathematical position among the cities of the world, 
and Germamq France, and Italy continue to lead all other countries 
in regard to the quahty and the quantity of research in pure mathe- 
matics. 

Although America is not yet doing her share of mathematical 
research of a high order, we have undoubtedly reached a position of 
respectabihty along this line, and it should be easier to make further 
■progress. Moreover, our material facihties are increasing relatively 
more rapidly than those of the countries which are ahead of us, and 
hence many of our yomrger men start tmder very favorable condi- 
tions. Unfortunately, there is not yet among us a sufficiently high 
appreciation of scholarly attainments and scientific distinction. The 
honest and outspoken investigator is not always encouraged as he 
ought to be and the best positions do not always seek the best man. 
I coupled "outspoken” vrith "investigator” advisedly, since research 
of high order implies hberty and scorns shams, especially shams relating 
to scholarship. Even along these lines there seems to be encourag- 
ing progTess, and this progress may reasonably be expected to increase 
with the passing of those who belong to the past in spirit and attain- 
ments. What appears to bo a_very serious element in our situation 
is the fact that the American university professor does not yet seek 
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and safeguard Ms freedom witli the zeal of Ms European colleague. 
It is too commonly assumed that loyalty imphes lymg. 

The investigators in pure mathematics form a small army of about 
2,000 men and a few women. ‘ The question naturally arises, What 
is tMs little army trying to accomplish? A direct answer is that they 
are tiying to find and to construct paths and roads of thought which 
connect with or belong to a network of thought roads commonly 
knomi as mathematics. Some are engaged in constructing trails 
through what appears an almost impassable region, wMle others are 
widemng and smoothmg roads which have been traveled for centuries. 
There are otheis who are engaged in driving piles in the hope of secur- 
ing a solid foundation through regions where quicksand and mire 
have combmed to obstruct progress. 

A characteristic property of mathematics is that by means of cer- 
tain postulates its thought roads have been proved to be safe and 
they always lead to some prominent objective pomts. Hence they 
primarily servo to economize thought. The number of objects of 
mathematical thought is infinite, and these roads enable a finite mind 
to secure an intellectual penetration into some parts of tMs infimtude 
of objects. It should also be observed that mathematics consists of 
a cmnected network of thought roads, and mathematical progress 
means that other such coimected or connecting roads are being estab- 
lished which either lead to new objective points of interest or exMbit 
new connections between known roads. 

The network of thought roads called mathematics furnishes a very 
interesting chapter in the intellectual history of the world, and in 
recent years an increasing number of investigators have entered the 
field of mathematical history. The results are very encouraging. 
In fact, there are very few other parts of mathematics where the 
progress dm-ing the last 20 years has been as great as in this history. 
This progress is partly reflected by special courses in this subject in 
the leading universities of the world. While the earliest such course 
seems to have been given only about 40 years ago, a considerable 
number of universities are now offering regular courses in this subject, 
and these courses have the great advantage that they establish another 
point of helpful contact between mathematics and other fields. 

Mathematical tliought roads may be distinguished by the facts 
that by means of certain assumptions they have been proved to lead 
safely to certain objective points of Mterest, and each of them con- 
nects, at least in one point, with a network of other such roads which 

1 Between 5 and 10 per cent of the members of the American Mathematical Society are women, but the 
per cent of women in the leading foreign mathematical societies is much smaller. Less than 2 per cent 
of tlie members of the national mathematical societies of France, Germany, and Spain are women, according ■ 
to recent lists of membera. The per cent of important mathematical contributions by women does not 
appear to be larger, as a rule, than that of their representation in the leading societies. The list of about 
300 collaborators on the great new German and Frenclj mathematical encyclopedias does not seem to 
include any woman. Possibly women do not prize sufficiently intelleotual freedom to become good mathe- 
matical investigators. Some of them esiilhit excellent ability as mathematical students. 
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were called mathematics, (mdijiiara, by the ancient Greeks. The 
mathematical investigator of the present day is pushing these thought 
roads into domains which were totally unknown to the older mathe- 
maticians. Whether it will ever be possible to penetrate till scientific 
knowledge in this way and thus to unify all the advanced scientific 
subjects of study under the general term of mathematics, as was the 
case with the ancient Greeks,^ is a question of deep interest. 

The scientific vrorld has devoted much attention to the collection 
and the classification of facts relative to material things and has 
secured ahead}’' an immensely valuable store of such knowledge. As 
the number of these facts increases, stronger and stronger means of 
intellectual penetration are needed. In many cases mathematics has 
already provided such means in a large measure; and, judging from 
the past, one may reasonably expect that the demand for such means 
will continue to increase as long as scientific knowledge continues to 
grow. On the other hand, the domain of logic has been widely 
extended tlmough the work of Eussell, Poincar6, and others; and 
Russell's conclusion that any false proposition implies all other prop- 
ositions whether true or false is of great general interest. 

During the last two or three centuries there has been a most 
remarkable increase in facilities for publication. Not only have 
academies and societies started journals for the use of their members, 
but numerous journals, inviting suitable contributions from the public 
have arisen. The oldest of the latter type is the Journal des Spavans, 
which was started at Paris in 1665, while the Transactions of the 
Royal Society of London, started in the same year, should probably 
be regarded as the oldest of the former type. These journals have 
done an inestimable amount of good for the growth of knowledge 
and the spread of the spirit of investigation. At the present time 
more than 2,000 articles which are supposed to be contributions to 
knowdedge in. pure mathematics appear annually in such periodical. 
In addition to these there is a growing annual list of books. 

The great extent of the fields of mathematics and the rapid growth 
of this literature have made it very desirable to secure means of 
judging more easily the relative merit of various publications. Along 
this line our facilities are still very meager and many serious diffi- 
culties present themselves. In America we have the book reviews 
and the indirect means provided by the meetings of various societies 
and by such publications as the “American Men of Science.” 

The most important aid to judge contemporaneous work is fur- 
nished by a German publication known as the Jahrbuch fiber die 
Fortscbritte der Mathematik. In this work there appear annually 
about 1,000 pages of reviews of books and articles published two or 
three years earher. These reviews are prepared by about 60 different 

-1 The term mathematics was first used with its present restricted meaning by the Peripatetic Sohodi. 
Cantor, “ Vorlesungen liber Gesehichte der Mathcmatih,” Tol. 1 (1907), p. 216. 
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mathematicians who are supposed to he well prepared to pass judg- 
ment on the particular books and articles which they undertake to 
review. While these reviews are of very unequal merit, they are 
rendering a seivdce of the greatest value. 

The main object of such re^^ews is to enable the true student to 
learn easily what progress others are making, especially in his o-wn 
-field and in those closely related thereto. They serve, however, 
another ver}' laudable purpose in the case that they are reliable. We 
have the pretender and the unscrupulous always with us, and it is- 
almost as important to limit their field of operation as to encourage 
the true investigator. “Companions in zealous research’’ should bo 
fearless in the pursuit of truth and in the disclosure of falsehood, since 
these qualities are essential to the atmosphere which is favorable to 
research. 

While the mathematical investigator is generally so engrossed by 
the immediate objects in A'icw that he seldom finds time to think of 
his services to humanity as a whole, yet such thoughts naturally come 
to him more or less frequently, especially since his direct objects of 
research seldom are well suited for subjects of general conversation. 
If these thoughts do come to him they should bring ^vith them great 
inspiration. Who can estimate tlie amount of good mathematics has 
done and is doing now? If all knowledge of mathematics could 
suddenly be taken away from us there would he a state of chaos, and 
if all those things whose development depended upon niathematical 
principles could be removed, our lives and thoughts would be pauper- 
ized immeasurably. This removal would sweep away not only our 
modern houses and bridges, our commerce and landmark, but also 
most of our concepts of the physical universe. 

Some may be tempted to say that the useful parts of mathematics 
are very elementary and have little contact vfith modern research. 
In answer, we may observe that it is very questionable whether the 
ratio of the developed mathematics to that which is finding direct 
application to things which relate to material advantages is greater 
now than it was at the time of the ancient Greeks. The last two 
centuries have witnessed a wonderful advance in the pure mathe- 
matics which is commonly used.^ While the advance in the extent 
of the developed fields has also been rapid, it has probably not been 
relatively more rapid. Hence, the mathematical investigator of 
to-day can pursue his work 'Rfith the greatest confidence as regards his 
services to the general uplift both in thought and in material better- 
ment of the human race. All of his real advances may reasonably be 
expected to be enduring elements of a structure whose ■permanence is 
even more assured than that of granite pillars. 

* la 172G, arithmelic and geometry Vvere studied during ihe senior year in Harvard College, Natural 
^hUosophy and ithysks were still taught before arithmetic and geometry. Cajori, “The Teaching and 
History of Halhematics in the United States^’" ISDO, p. 22. 
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By M. He>:ri Poin'cari-.. 


When M. Abraham came to me and asked that 1 olose tliis series of 
sessions of the Soci6t4 franfaise de Physique, I was at first inclined 
to refuse. It seemed as if each subject had been completely dis- 
cussed and that I could have nothing to add to that which had 
already been so well said. I could only try to put in words the impres- 
sion which seemed to emerge as a summary of all the discussions, and 
that impression was so definite that each of you must have felt it. I 
did not see how I could make it any clearer by forcing myself to put 
it into words. But M. Abraham insisted with such good grace that 
I resigned myself to the inevitable difiiculties of which the greatest 
is to repeat what each one of you has long since felt, and the least is 
to run through a maze of diverse subjects without the time to dwell 
on any one of them. 

One thought must at once have stimck all those present. The old 
mechanical and atomic h}q)Otheses have, during recent years, become 
so plausible that they have ceased to seem like hypotheses; atoms 
are no longer just a convenient fiction. It seems almost as if we 
could see them, now that we kirow* how' to count them. A theory 
assumes reahty and gains in probability’' when it accounts for ne'w 
facts. Yet this may result in different way^s. Generally it has to 
be enlarged to include the new data. Sometimes it loses in precision 
as it becomes broader. Sometimes it becomes necessary to engraft 
upon it an accessory hypothesis which plausibly fits in with it, but 
which nevertheless is somewhat foreign to it, and contrived expressly 
to fit a certain case. Then it can scarcely* be said that the new 
facts confirm the original hypothesis, only that they are not incon- 
sistent with it. Or, again, there may be between the new facts and 
the old, for which the hypothesis was originally conceived, such an 
intimate connection that whatever theory’’ renders account of one must, 
because of that connection, render account of the other as well. 
Then the new data which fall in with the old are really only appar- 
ently new. 

1 An address delivered before the Socldtd frangaase de Physigue, April 11 , 1912. Reprinted by permission 
from loumai de Physique, Paris, 5th series, vol. 2, May, 1912. 
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It is quite different wlien we discover a coincidence which could 
have been predicted, and is thus not the result of chance, and espe- 
‘ ciaily when that coincidence is a numerical value. Now, there are 
coincidences of this last nature which have recently brought confir- 
mation to our atomic views. 

The kinetic theory of gases has thus received unexpected corrob- 
oration. New theories have been very closely patterned after the 
kinetic tlieorj*, for instance, the theory of solutions as well as the 
electronic theory of metals. The molecules of a dissolved substance, 
as well as the firec electrons to which metals owe their electrical con- 
ductmti*, behave just as do the molecules of a gas within its inclo- 
sure. The parallelism is perfect and can be followed even to numer- 
ical values. Thus what seemed doubtful becomes probable. Each 
one of these tliree theories, if it had to stand by itself, would seem 
onN an ingenious hypothesis for which we might substitute other 
explanations equall)' probable. But when, as in each of the tliree 
cases, a different explanation would be necessar}^ the coincidences 
found would be inadmissible as the result of chance, whereas the 
Idnetic tlieories make the coincidences necessary. Further, the 
theory of solutions quite naturally leads us to that of the Brownian 
movements, where it is impossible to consider the thermal agitation 
as a theoretical fiction, since it is actually seen under the microscope. 

The remarkable counting of the number of atoms by Perrin com- 
pleted the triumph of the atomic theory. What carries our convic- 
tion are the multiple concordances among the results obtained by 
completely different procedures. But a short time ago wn would 
have thought ourselves fortunate if the numbers found had the same 
number of digits; we would have asked only that the first significant 
figure should be the same. That first figure we know to-day. Wliat 
is more remarkable, we are now discussing even the most diverse 
properties of the atoms. In the processes used \rith the Brownian 
phenomenon, or in those used for the law of radiation, we do not deal 
directly with the number of atoms, but with their degrees of freedom 
of movement. In that process where we consider the blue of the 
sky, the mechanical properties of the atoms come into play; the 
atoms are looked upon as producing an optical discontinuity . Finally, 
when we take in hand radium, what we observe is the emission of 
projectiles. Here, were there discordances, no embarrassment would 
have been felt, but happily there were none. 

The atom of the chemist is now a reality. But that does not mean 
that ive have reached the ultimate limit of the divisibility of matter. 
When Democritus invented the atom he considered it as the abso- 
lutely indivisible element within which there would be nothing 
further to distinguish. That is what the word meant in Greek. It 
was for that reason that it was coined. Beyond the atom he wished 
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no further mystery. Therefore the atom of the chemist would not 
have satisfied him since that is not indivisible; it is not a true element; 
it is not free from mystery, from secrets. The chemist's atom is a 
universe. Democritus would have considered, even after so much 
trouble in finding it, that we were still only at the beginning of our 
search — these plrilosophers are never satisfied. 

And so the second thought which comes home to us is that each 
new physical discovery brings added complexity to the atom. To 
begin with, these bodies, winch we believed simple, and which indeed 
do act in many ways hke simple bodies, may be separated into yet 
simpler components. Tins atom disintegrates into yet smaller 
atoms. What we call radioactivity is the perpetual brealcing up 
of atoms. It is sometimes spoken of as a transmutation of elements; 
that is not strictly correct because an element is not really trans- 
formed into another element; it is really decomposed into several 
others. The products of the decomposition are stHl chemical atoms, 
similar in many respects to the more complex one, winch in brealdng 
up gave birth to them. It is a phenomenon wliich may be expressed 
by the most common kind of a reaction by a chemical equation 
which would be accepted with very little hesitation by the most 
conservative chemist. 

Nor are we yet done, for within the atom we find yet more — elec- 
trons. Each atom is like a sort of solar system where the small 
negative electrons play the rble of planets revolving around the great 
positive central electron which takes the place of our sun. It is 
because of the mutual attraction of these electricities of opposite 
sign that the system is bound together as a whole. This attraction 
governs the periods of the planets and these periods fix the wave 
lengths of the light emitted the atom. It is because of the self- 
induction of the currents formed by the moving electrons that the 
atom so formed has an apparent inertia winch we call its mass. 
Besides these captive electrons there are other's which are free and 
subject to the ordinary kinetic laws of gases and which render metals 
conductive. The second class are Hke the comets winch circulate 
from one stellar system to another, estabHshing thus an exchange of 
energy betw-een distant systems. 

But we have not yet come to an end. Besides these electrons, or 
atoms of electricity, we find magnetons, or atoms of magnetism, 
which we meet to-day through two different paths; tlirough the 
study of magnetic substances and through the study of the spectra 
of simple bodies. I need not remind you of the beautiful discussion 
of Weiss and the astonishing relationships and commensurahiHties 
which his experiments showed in such an unexpected manner. 
There were numerical relationships which could not be due to chance, 
and for which an explanation had to he sought. 
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At tlie same time an cxplanatiou was iieccasaxy for the curious 
distribution of the lines in the spectrum. According to the work of 
Balmcr, of Ivayser, of Rungo, of Rydberg, these lines are distributed 
into definite series and each series obeys simple laws. We might at 
fimt expect to find these laws those of harmonics. Just as a cord, 
v ibrating with infinite degrees of freedom, gives an infinite series of 
harmonics whose frequencies are multiples of the fundamental 
frequency of tlie cord, and just as a sonorous body of more complex 
form also gives out an analogous though less simple series of har- 
monics — for instance, a Hertz resonator is susceptible of an infinite 
number of different periods— so might an atom, for identical reasons, 
give out an infinite series of different wave lengths of light. You 
know that this simple explanation failed, because wdth the spectro- 
scopic phenomenon it is the frequency and not its square for which 
the expression is simple; for the frequency does not become infinite 
for harmonics of an infinitely high order. The idea must either be 
modified or abandoned. All attempts at modification have been 
futile: the method refuses to be adapted. Accordingly Ritz aban- 
doned this tlieory and represented the vibrating atom as formed of 
a rotating electron and several magnetons placed end to end. Then 
the mutual electrostatic attraction of the electrons no longer deter- 
mines the wave length; that depends on the electromagnetic field 
formed by the electrons. 

It is rather difficult to accept this idea because it seems somewhat 
artificial. However, we must resign ourselves to it for the time being 
since contmued search for another has so far proved futile. How 
does the atom of hydrogen produce lines of several different wave 
lengths 1 It is not because each one of the atoms could produce any 
of the lines in the spectrum of hydrogen and does produce this or 
that one of the lines according to the initial condition of the vibration. 
It is because there are several kinds of hydrogen atoms, differing 
among themselves by the number of magnetons in line, each atom 
producing a different wave length. Can these different atoms change 
from one kind to another, and if so, how ? How can an atom lose a 
magneton as does seem to happen when we pass from one allotropic 
form to another ? Is it that a magneton escapes from an atom or do 
some of the magnetons in alignment change and become irregularly 
distributed ? 

This disposition of magnetons, end to end, is a peculiar character- 
istic of the theory of Ritz. The ideas of Weiss must seem to us in 
every way less strange. The magnetons must be placed either end 
to end or at least parallel since their resultant effects combine arith- 
metically, or rather algebraically, not geometrically. 

Now what is a magneton ? Is it a simple thing ? No, provided we 
wish to retahi the hypothesis that they result from special amperian 
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currents. A magneton is then a whirl of electrons and so our atom 
g’ains and gains in complexity. 

We now come to something still better because it permits us to 
estimate the complexity of the atom, the theory which Debierne 
announced near the end of this series of meetings. It relates to an 
explanation of the law governing radioactive transformations. The 
law is very simple. It is exponential. Its very form suggests at 
once the principles of statistics. We recognize the earmarks of 
chance. This chance does not here relate to the fortuitous encounters 
of atoms and other exterior bodies. Its causes lie wnthin the interior 
of the atom itseh. I wish to be understood to refer not only to the 
cause relating to tliis chance but to something yet deeper. Other- 
wise we would find external conditions, the temperature, for instance, 
having an effect upon the coefficient of the exponent. Now that 
coefficient is remarkably constant, indeed Curie px-oposed to use it 
as a measure of absolute time. 

The chance which rules the transformations which we are consider- 
ing lies wholly withhi the atom. That is, the atom of a radioactive 
boclyis a universe within itself and a world subject to chance. But if 
we consider a little further, when we talk of probabilities we thmk of 
great numbers of things. A closed world made up of a few elements 
woxdd obey laws more or less complicated but they would not be 
those we consider when we deal with statistics. Then it must follow 
that an atom is a very complex wmiid. It is true that a closed world, 
at least one nearly closed, would be at the mercy of any exterior 
perturbations 'to which we might subject it. Since the atom is sub- 
ject to tliis statistical law there is consequently an inteimal theimo- 
dynamics of the atom and we can talk of the internal temperature of 
it. But, mark, this temperature has no tendency to get into equilib- 
rium with the temperature without; it is as if the atom were shut up 
Avithin a perfectly adiathermic shell. It is precisely because it is 
thus closed, because its functions are so sharply limited and guarded 
by this impervious shell that the atom is so individual. 

At first, this complexity of the atom does not seem offensive; it 
seems as if we would not be embarrassed by it. But a little x’eflection 
brings difficulties not apparent at first. When we counted the atoms 
we really did not count their numbers directly but then* degi-ees of 
freedom of movement, and we implicitly assumed that each atom 
had three degrees of such freedom. This also accounted for the 
observed specific heats. But each new complexity must introduce a 
new degree of freedom and we become troubled in our count of the 
atoms. This difficulty did not escape the attention of the originators 
of the theory of the equip artition of energy. They were astonished 
at the number of the lines in the spectra, but, seeing no way of escape 
from then difficulties, they boldly passed them by. 
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The most natural explanation seems to be tliis theory of the atom 
as a very complex "world, one shut up entirely to itself. Exterior 
events have no relation to what passes on \Tithia, nor does what 
happens within affect the exterior world. That can not be strictly 
true or else we would be utterly ignorant that there is anything 
within and the atoms would appear as simple material points. The 
truth is that we can see what happens within only as through a very 
small window, and thei’e is practically no exchange of energy between 
the interior and what is outside; there is consequently no tendency 
to equipartition of energy bet"ween the atomic world and that "without. 
The internal temperature, as I have just stated, does not tend to 
approach equality with that outside. That is why the specific heats 
are the same as if no internal complexity existed. Let us now imagine 
a complex body made up of a hollow sphere whose inner wall is abso- 
lutely impervious to heat and "within which is a great number of 
various bodies. Then the observed specific heat of such a body 
W""ould bo that of the exterior sphere just as if the interior bodies did 
not exist. 

The door wdiich closes the interior of this atomic world opens, how- 
ever, from time to time, as when a particle of radium is shot off. , 
The atom becomes degraded in rank in the radioactive hierachy. 
Wliat happened then? How did this decomposition differ from an 
ordinary chemical decomposition? In what respect does the atom , 
of uranium, formed of helium and something else, have more title "to j 
the name atom than the half molecule of cyanogen, for instance, 
which behaves in so many ways like a simple body though fornigdw#*' 
carbon and nitrogen? Doubtless the atomic heat (I do not ’know 
that it has been measured) of uranium must obey the law of Dulong 
and Petit and would correspond to that of a simple atom. It should 
then become double at the moment of the emission of the helium 
particle, wdien the primordial atom decomposes into two secondary 
atoms. Through that decomposition the atom acquired further 
degrees of freedom through which it may act upon the exterior 
world and the new degrees of freedom should become e'rident in an 
increased specific heat. What would be the difference between the 
specific heat of all the components and that of the compound body? 
One would expect that the heat set free by the decomposition would 
vary very rapidly with the temperature so that the formation of the 
radioactive molecule, which is strongly endothermic at ordinary 
temperatures, would become exothermic at higher temperatures. We 
could thus understand better how the radioactive compounds could 
form, a process which is very mysterious. 

Plowever, the conception of a little closed world, opened at moments, 
does not suffice to solve our problem. It would be necessary that the 
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equip artition oi energy should be supreme outside the closed little 
world save at the moment the door opened; but that is not true. 

The specific heat of solid bodies diminishes rapidly mth decreasing 
temperatures as if some of the degrees of freedom of the atoms were 
successively paralyzed — frozen, so to speak — or, if you prefer, have 
lost connection vdth the exterior world, withdrawn within the 
interior in some unknovm manner. 

Furthermore, the law of ‘'hlack'^ radiation is not wLai would be 
exj^ected from the theory of equipartition. The law which results 
from that theory is the one derived by Eayleigh, and th.at law, 
besides mvolving an e^ddent contradiction, since it gh-es an infinite 
total radiation, is absolutely at variance with experimental results. 
In the emission of a black body there is much less light of short wave 
lengths than would be requhed by the equipartition hyirothesis. » 

Planck consequently devised his quanta theory, according to which 
the exchange of energy between the matter and the ether — or rather 
between ordinary matter and the small resonators whose vibrations 
furnish the light of incandescent matter— can take place only inter- 
naittently. A resonator can not gain energy or lose it in a contiuu- 
ous maimer. It can not gain a fraction of a quantum; it must acquire 
a whole quantum or none at all. 

Why, then, does the specific heat of a solid diminish at low tempera- 
tures ? Wliy do its atoms seem to lose certain degrees of freedom ? 
It is because tlie supply of energy offered to them at lov; temperatures 
is not great enough to give to each a quantum. Certain ones could 
get only a fraction of a quantum and, as they whl take a whole one 
or none, they remain without. 

It is just so in the case of radiation where certain resonators 
which can not have a whole quantum take none and remain inactive. 
Consequently there is much less radiation at low temperatures than 
there would otherwise be. Since the required quantity becomes 
greater as the wave length becomes shorter, it is especially the 
short wave-length resonators which remain inactive, so that the 
proportion of short wave-length light is much less than that indicated 
by Eajdeigh’s formula. 

To say that a plausible theory should remove all difficulties would 
be somewhat naive. Wlien a somewhat daring theory is launched, 
difficulties are expected. If we upset all the accepted notions, we 
must not be surprised at some obstacles. Such difficulties do not 
count as valid objections. 

I take the courage, therefore, to indicate some of these difficulties, 
and I will not choose those which are the greatest, nor the most 
evident, those which occur to everyone; that would be futile indeed, 
since you aU recognize them immediately. I wish to state to you 
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the series of mental attitudes through vvhicK I iiave successiyely 
passed. 

I asked myself first what was the value of the proposed demonstra- 
tions. I saw that I could get the probabilities of the various distri- 
butions of energy by simple enumeration, since the numbers were 
fortunately finite according to the hypotheses, but I could not see 
why they were all equally possible. Then I introduced the known 
relations between the entropj’", the temperature, and the probability. 
That assumed the possibility of a thermodynamic equilibrium smee 
the results could be proved supposing that to be true. I knew that 
such an equilibrium was possible, since experiment has proved it. 
But that did not satisfy me. I wished to show that it followed from 
the hypothesis; indeed, that it would be a necessary consequence. I 
really had no doubts, but T felt the necessity of seeing the matter a 
little more clearly and for that I needed to examine the steps of the 
process a little more in detail. 

In order that there may be a redistribution of the enei’gy between 
the resonatoi's of different wave lengths whose oscillations produce 
I'adiation, it is necessary that they should be able to interchange 
their energy; othervdse the initial distribution would persist indefi- 
nitely, and as that distribution was arbitrary there would result no 
definite radiation law. Now a resonator can neither receive from 
nor give to the ether light except of a perfectly definite wave length. 
If, then, these resonators can not act upon each other mechanically, 
that is, without the intervention of the ether, or if they are fixed and 
immovable in a definite matrix, each of them could emit or absorb 
only light of a definite color and it could exchange energy only with a 
resonator with which it was in jierfect tune. The initial distribution 
would remain unalterable. But we can conceive of two modes of 
exchange which are not objectionable. Fii-st, some atoms, some free 
electrons, might pass from one resonator to another, Ifit, and thus 
communicate or receive energy; or, secondly, the light, reflected as 
by a moving mirror, might change its wave length as recognized by 
the Dopplor-Fizeau principle. 

Are we free to choose between these two devices ? Surely both must 
come into play, both should lead to the same result, the same law of 
radiation. What would we do if the results were contradictory, if 
the mechanism of collisions working alone led to one law of radiation, 
that of Planck, for instance, while the Doppler-Fizeau effect to 
another ? Very well, if both mechanisms came into play, one or the 
other would alternate in preponderance according to chance, thus 
causing an oscillation from one law to another, and there would be 
no tendency to a final stable state, toward that thermal death where 
there is no further change. Then the second law of thermodynamics 
would be violated. 



THE ETHEB AND MATTEB — POINCARE. 


207 


I resolved to examine one by one the two processes, and I com- 
menced with the one ha\nng mechanical action, collisions. You know 
why the old theories necessarily led us to the law of equipartition. 
It was because they assumed that all the equations of the mechanics 
were of the Hamiltonian form, and consec|uently made unity possible 
as the last multiplier in the Jacobian sense. We must therefore sup- 
pose that the laws of collision between a free electron and a resonator 
are not of this form and that the equations then admit of a final mul- 
tiplier other than unity; otherwise the second law of thermodynamics 
would not hold and then we would find ourselves in the ditliculty just 
stated. However, it is not necessary that this multiplier be unity. 

It is exactly this last factor which is a measure of the probability 
of the corresponding state of the system (or rather we miglit call it 
the probability density). In the hypothesis of quanta, this factor 
can not be a continuous function since the probability of a state must 
be zero whenever the corresponding energy is not a multiple of .a 
quantum. That is an evident stumbling block, but one to which 
we had to be resigned in adrance. But I did not slop there. I 
pushed the calculations to an end and came out with the law of 
Planck, justifying fully the views of that German physicist. 

I then passed to the Ddppler-Fizeau mechanism. Let us imagine 
a receptacle formed of the body and piston of a pump, the walls of 
which are perfect reflectors and within which is inclosed a certain 
quantity of energy in the form of light. This energy is distributed 
in any manner v’-hatever among the various wave lengths. The re- 
ceptacle contams no source of light. The luminous energy is inclosed 
within the contrivance once forever. 

As long as the piston remains fix;ed, this distribution of the energy 
among the wave4engths can not vary, for the light will retain the 
same wave lengths each time it is reflected. However, if the piston 
is moved, this distribution will vary. If the velocity of the piston is 
very small, the phenomenon is reversible and the entropy must 
remain constant. We would thus have the analysis of Wien and 
come out with Wien’s law. We would have made no advance, since 
that law is common to both the old and the new theories. If the 
velocity of the piston is not very small, the phenomenon is not Tevers- 
ible, so that thermodynamic analysis would no longer lead to equali- 
ties but to simple inequalities and we could draw no conclusions. 

However, it seems as if we could reason as follows: Let us suppose 
the initial distribution of the energy to be that of black racHation, 
evidently corresponding to a maximum of entropy. If we then give 
several strokes to the piston, the final distribution must evidently be 
the same, otherwise the entropy would diminish. And, indeed, what- 
ever the initial distribution, after a very great number of strokes of the 
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piston the final distribution must be that corresponding to maximum 
entropy, which is the same as that of black radiation. Such reasoning 
has no value . 

The distribution of the radiation has a tendency to approach that 
of black radiation. It can then no longer change, for we can not 
pass heat from a cold to a hot body; that is to say, without the 
expenditure of external work. But here external -work is supplied 
through the strokes of the piston, which appears as an augmentation 
of the luminous energy m the cavity of the pump. The work is 
changed into heat. 

Tlie same difficulty would no longer exist if the bodies in movemeht 
on which the light suffered reflection were infinitely small and infi- 
nitely numerous ; their Idnetic energy would not correspond to mechan- 
ical work but to heat. We could not then compensate the diminu- 
tion of entropy which corresponds to the change in the distribution 
of the energy by a transformation of work into heat, and then we 
would be right in concluding that, if the initial distribution were 
black that distribution would remain indefinitely. 

Let us now imagine an inciosure with fixed and perfectly reflecting 
walls; let us inclose not only lumhious energy, hut also a gas. The 
molecules of the gas wili act as moving mkrors. If the distribution 
of the energy among the wave lengths is that of the black radiation 
corresponding to the temperature of the gas, then that distribution, 
should be stable; that is: First, whatever action the light has upon 
the molecules should not alter the temperature 
whatever action the molecules have upon the ligEtshould not alter 
its distribution of energy. 

Einstein examined this action of the light upon the molecules. 
The latter suffer something which resembles the pressure of radiation. 
Emstein, however, does not state the matter so simply. He com- 
pares the molecules to very small mobile resonators possessing at the 
same time not only the kinetic energyof translation, but also theenergy 
of electric oscillations. The result at any rate would have come out 
the same — ^lie reached Rayleigh’s law. 

Pemonaily, I would have done the reverse and studied the action 
of the molecules upon the light. The molecules are too small to 
pi'oduce regular reflection. They could produce only a diffusion of it. 
It is this diffusion, when we neglect the molecular movements with 
which we are acquainted both in theory and experiment. It indeed 
produces the blue of the sky. 

Tliis diffusion does not alter the wave length, but is much greater the 
smaller the wave length. 

We must pass now from the case when the molecules are at lest 
to when their motion must be accounted for, taking into account 
their agitation which produces their temperature. That is easy; it 
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is necessary only to apply the principle of relativity of Lorentz. 
Accordingly, the vaiious bundles of rays of the same true wave length 
relative to the molecule and strildng the molecule from various 
directions would not have the same apparent wave length to the 
observer who supposes the molecule at rest. The apparent wave 
length is not altered by the reflection, but the true wave length is. 

We thus come to aii interesting result: The reflected or diffused 
energy is not equal to the incident energy. What is unoltorod is not 
the energy, but the product of the energy by the wave lengtli. 
first I felt satisfied. It seemed from this that an incident quantum 
would give a diffused quantum since a quantum varies inversely as 
the wave length. Unfortunately this brings us notliing. 

I was led by this analysis to Rayleigh’s law. I knewthat in advance, 
but I hoped that in scemg in detail how I was brought to it that I 
could tell what modifications I must make in the hypothesis in order 
to get Planck’s law. In that hope I was deceived. 

My first thought was to look for something resembling the theory 
of quanta. It would indeed be surprising that two such entirely 
different explanations should both take account of the same deroga- 
tion of the law of equipartition of energy. MTiat is the effect of the 
discontinuous structure of energy? We might suppose that this 
discontinuity relates to the luminous energy itself when it passes 
through the free ether and so when it falls upon a molecule does so 
in a discontinuous manner, in httle separate battalions. It is easy 
to see that that would not alter our results. 

Or, we might suppose that the discontinuity occurs at the very 
moment of diffusion, that the diffusing molecule does not diffuse the 
light, in a continuous iuanner, but by successive quanta. This again 
will not do because if the light wishing to be transformed has to wait, 
so to speak, in an antechamber for its omnibus to fill before starting 
out, there would result a forcible retardation. Now, according to 
the theory of Lord Rayleigh, the diffusion by the molecules in the 
direction of the incident ray produces simply ordinary reflection. 
That is to say, it interferes regularly with the incident light, and this 
would not be possible were there a retardation of phase. 

If we try, impartially, to choose wliich of our premises we must 
abandon, we are none the less embarrassed. We can not see how we 
can deny the principle of relativity. Must we then modify our law 
for the diffusion of light by molecules at rest ? That would be veiy 
difficult. We surely could not stretch our imagination into believing 
that the sky is not blue. 

I will stop in this embarrassment and close with the following 
reflections. As science progresses, it becomes more and more difficult 
to fit in the new facts when they will not fit in spontaneously. The 
older theories depend upon the coincidences of so many numerical 



210 AJs’-JfUAL EEPORX SMITHSOIflAK' INSIIXUHON, 1912. 

results wiiich cau not be attributed to chance. We should not separate 
what has been joined together. We could not break their frames, 
only try to stretch them apart. And that we can not always succeed 
in doing. The theory of equipartition explains so much that it 
must contain a part of the truth; on the other hand, it can not all be 
true for it will not explain aU. We can neither abandon it nor 
keep it without modification. Those modifications which we must 
make seem so strange that we hesitate to reconcile ourselves to them. 
At present we can only enumerate them without solving them. 



EXPEKIMENTS WITH SOAP BUBBLES.^ 


By C. V. Boys. 


pVith 1 plaie.] 

I had a certain feeling of hesitation in suggesting that you would 
perhaps be interested in seeing some experiments which I have 
devised with soap bubbles. I feared that such a subject would have 
but slight scientific interest for a learned body like yours. However, 
your accomphshed secretary has assured me that my experiments 
will be well received, and so I trust that 3mu mil be indulgent. 

To me a soap bubble is a beautiful thing. It appeals to several 
senses and to many kinds of minds; it is a source of delight to children, 
and we who know somewhat of the mysteries of molecular phy'sit® 
which it helps to reveal look at it with admiration. With its aid 
we are enabled to make clear the action of forces relating to other 
branches of physical science with greater facihty and dehcaey often- 
times than anj- other means. I haA'e observed that the soap 
bubble even arouses the curiosity of monke^^s, and especially of those 
whose mtellectual development is furthest advanced, mz, the chim- 
panzee and the orang-outang. In a word, among the objects with 
which wo all are famihar and wHch excite in us a genuine scientific 
interest the soap bubble takes precedence of all others of the same 
weight. 

Before I show you any of my experiments, it would seem to be 
incumbent on me to pay the tribute of my admiration to Plateau, 
that man of genius who, after being stricken with blindness, ohhged 
to make use of the eyes and hands of Ins daughter-in-law, contrived 
and developed experiments and theories relatmg to the science of 
capillarit\’ which have compelled the admiration of the scientific- 
world, and whose great work, “Statique des Liquides,” is a fit monu- 
ment to the author’s genius. When I reflect upon the wealth of 

I Lecture before the SocifitS franfaise de Phj'sique, April 12, 1912. Translated by permissioa from Journal 
de Physique, series 5, toI. 2 (August, 1912). See Soap bubbles: Their colours and the forces 'srliich mould 
them, by C. V. Boys, P. E. S., 10th thousand. Society for Promoting Christian Knowledge, Northumber- 
land Avenue, London; E. S. Gorham, New York; and Boys (C.V.), member of the Eoyal Society: Builes 
de Savon, Four lectures upon Capillarity, before a Juvenile Audience. Translated from English by ilr. 
C. Ed. Guillaume, So. I)., with new notes by the author and the translator, 18 mo., 60 figures and 1 plats, 
Paris, Gauthier Vfllars, 1912. 
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knowledge -which Plateau has bestowed upon us, it seems to me that I 
have but picked up a few crumbs which fell from the rich man’s table. 

The formation and existence of a soap bubble depend upon the 
weak superficial tension of the solution of soap and upon the remark- 
able property, studied by Willard Gibbs, by virtue of which the 
superficial tension varies, according to the needs of the moment, 
between clastic hmits, in the true sense of the term. I was sur- 
prised to find by experiment that an increase amountmg nearly to 
20 per cent of the normal tension could be produced. Unfortunately, 
I can try no experiment here which would permit me to demonstrate 
to you this fact adequately. 

The tension at the upper parts of a large bubble must be greater 
than that at the lower pai'ts, for it must balance both the weight 
of the bubble and the tension of the lower parts. That is why there 
must be a superior limit to the possible size of a soap bubble. A 
bubble whose color is the bright apple green, weighing five one- 
thousandths grain per square inch,^ can not exceed 100 inches in 
diameter, for in that case the additional force which the upper part 
has to withstand is one-half grain per linear inch, which is one-fifth 
of the normal tension of the film, i. e., 2 } grains per linear inch. 
Similarly a bubble white of the first order, or weighing one one- 
thousandth grain per square inch, might extend to five times th^ 
diameter before this cause of failure would operate. But it is not 
possible in practice to blow such large hubbies. One great difificulty 
is, if meebanical means be not employed, to send air in sufficient 
quanti^5^ With regard to this, Prof. Wood, of Baltimore, told me 
that he found the principle of injection very advantageous. Indeed, 
when we reflect, it exactly meets the necessities of the case. Internal 
pressure diminishing as the bubble increases in size, a small quantity 
of air blown into the tube will carry with it a large amount of air 
at a small but sufficient pressure. 

I have tried several forms of injectors, but the simplest and hitherto 
the best is made of a bent pipe such as is employed in the testing 
of illuminating gas for sulphur. I blov/ into the narrow end by 
means of a mouthpiece, while the wide end is surrounded by a cambric 
band with a seiTated edge which feeds the bubble -with liquid as it 
increases. With this device I have not only blowm a bubble of 80 
centimeters diameter, but am convinced that this is by no means 
the practical limit. It may be worth mentioning that I make use 
of Plateau’s liquid consisting of a solution in water of oleate of soda 
with glycerine added. The proportions are as follows: Oleate, 1 
part; water, 40 parts; one-third of its volume of glycerine is then 
added. I have increased the proportion of oleate, especially when 
I have wished to blow large bubbles. 


* These weights can be read oS directly from the colored plate in my book. 
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If the pipe is warmed a little, the bubble which will then contain 
slightly warmed air will be a genuine Montgolfier’s balloon^ and will 
rise by its ascensional force. If the bubble have a diameter of 1 foot, 
it is surprising how long it will remain sufficiently warm to float in the 
air. When it begins to descend, it can be stopped by means of a 
current of ah dhected upward either by blo-wing with the pipe or 
with a pah of bellows. In the latter case, by accommodating the 
movements of the bellows to the soap bubble’s natural period of 
oscillation, we may at once keep it in the ah and cause it to execute 
vibrations of great amplitude. We may form it again and blow' into 
the interior a very little illuminating gas, and it will then float of 
itself. The very heat of our breath suffices to make a bubble ascend 
if it be sufficiently large, e. g., 6 inches in diameter. The tin funnel 
of the old-fashioned gazogene is all that is needed for this experiment. 
But with . a heated pipe, we may make even very small bubbles 
ascend for a few moments. The most convenient method of warming, 
however, is to allo-w the warm gases above a candle flame to be drawn 
in by the injector for a few seconds. Bubbles so blown will rise above 
buildings and float away out of sight. 

It is clear that a cold bubble blowm with ah \vitl float upon carbonic 
acid. I once entered the Grotto del 'Cane, near Naples, and blew 
numerous bubbles which floated all about me in the heaw gas, to the 
great delight of the custodian. Yapor of ether is more easily prepared 
and is still heavier than carbonic-acid gas. It is easier to use it for 
the purpose of supporting a bubble filled wdth ah, but the vapor 
soon condenses upon the bubble, evaporates in the interior, and at 
the end of a short time the latter sinks into the vapor. If it be 
caught on a ring and brought near a lighted candle, the bubble w'ill 
burst into flame, thus showing that the vapor has penetrated the 
interior. We may again blow a bubble by means of the tin funnel 
and hold it in the vapor. If we then bring a lighted candle near the 
open end of the funnel, a long flame like that of a Bunsen burner is 
formed by the issuing vapor. It is interesting to observe that if 
benzene (CeHe) be substituted for ether, the bubble will float as well 
but the penetration of the vapor will be less rapid. However, it 
finally enters and the bubble then burns with a brilliant flame. 
With pentane (C5H13), on the contrary, the bubble floats without the 
penetration of vapor, this substance being practically insoluble. A 
bubble of oxygen floating upon ether or benzene explodes violently 
like a bomb, when ignited. 

The vapor of ether and a few other liquids somewhat diminish the 
superficial tension of a soap bubble, while the greater number of 
organic vapors increase it. This is especially noticeable with ammo- 
nia, which undoubtedly acts chemically upon the free molecules of 
oleic acid, combines -with them and still further neutralizes the 
85360°— SM 1912 15 
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special influence of the dissociated molecules, 'which influence Willard 
Cdbbs showed and which tends to diminish the superficial tension. 
This action of ammonia may be very simply shown by resting a 
bubble upon a ring of wire of somewhat less diameter. If we hold 
above the bubble the stopper from a bottle of diluted ammonia, the 
bubble withdraws toward the lower side of the rmg. If, on the other 
hand, a glass containing ammonia be held beneath the bubble, the 
action will be still more rapid, the bubble rising in opposition to 
gravit;y and squeezing itself through the ring. The motion occurs 
in each case as if the bubble were inconvenienced by the smeU of the 
ammonia. If the bubble be too large to rise through the ring, a tear 
is formed, indicatmg its distress. Naturally, the cause of these actions 
is the increase of tension of the liquid sheet on the side of the ring to 
which the ammonia is applied, and if the bubble is too large, this 
increase of tension attracts a little of the liquid from the rest of the 
bubble and from the wire. This it is which forms the tear. 

Dupr6 proved long ago that the speed with which soap bubbles 
burst is determined by the equality of energ}^ in the movement of the 
little drops discharged at the speed of the retreating edge to that 
which is necessary to draw out the liquid sheet in opposition to its 
own tension. This may be expressed in Newton's manner in the 
following way: If the tension of a sheet of soap water be sufiicient 
to support the weight of a certain number of feet in a sheet of a certain 
thiclaiess or color, the speed with which a sheet of this thickness or 
color will break is the same as the speed acquired by a stone which 
has fallen freely this same number of feet under the influence of 
gravity. This is manifestly based on the supposition that the liquid 
is perfectly mobile. When the rigidity and ^dscosity increase, the 
speed is reduced. For example, a solution of saponin has a surface 
tension 50 per cent greater than that of a solution of soap. So a 
sapotiin bubble should burst more quickly than a soap bubble if 
surface tension only were of importance. For the benefit of those 
who are not familiar vnth saponin bubbles I will show you one as a 
curiosity (pi. 1, fig. 1). I shall next make a froth of saponin and 
glycerin in a cell in the lantern which you see projected on the screen. 
I may continue the operation until I obtain the ordinary appearance 
of froth. * Btit the cells which are formed soon begin to burst. You 
may .see the free edge retreat -with a slow, irregular movement, which 
is due to the fact that the liquid is far from being a perfect fluid. Hence 
I conclude that a soap bubble will burst rather less quicldy than the 
calculation would indicate. IMr. Bull could easily show you this by 
the aid of his veiy powerful micro-cinematograph. 

In marked contrast -with the slow bcirsting of this particular bubble, 
I can show you that the speed of a true soap bubble’s bursting, which 
may be as great as that of an express train, may be rendered visible 
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to the eye either when seen directly or ’when projected upon a screen. 
I have prepared a frame of brass wire upon which I can form a sheet 
of soap water 6 feet long and one-quarter of an inch wide, but zigzag, 
so that it occupies a surface of about 4 inches square. Further, I 
have so constructed it that the two ends of the sheet are adjacent. 
Then, on breaking the sheet at one end, we immediately see that 
the bursting is progressive, lasting about one-seventh of a second for 
the entire course. If the sheet be broken as soon as formed, when it 
is stni thick, the motion of the edge is slower. If we let it drain xmtii 
it shows the white or the colors of the first order, the motion of the 
edge is perceptibly more rapid. 

The soap bubble furnishes a convenient means of illustrating the 
principle of stability. It would suffice here to refer to Plateau’s 
labors upon this subject. However, I have arranged two experiments. 
The first is a variation of an experiment of Plateau’s which showed 
that a very light sphere of glass remained in stable equilibrium upon 
the lower extremity of a vertical ring of wire if a sheet of soap water 
were spread over the ring. I have found that blown birds' eggs can 
be employed for this experiment provided that they be no heavier 
than those of the house sparrow, but the hole should be mended with 
a fragment of tissue paper and celluloid varnish. 

The bird’s egg offers the advantage of introducing a second princi- 
ple of stability. It can remain in equilibrium only if its greatest 
cross section, i. e., its oval section, is in the plane of the liquid sheet. 
If the ring be made to revolve slowly in its own plane, the egg begins 
to roll or slip; then, the speed increasing, it rolls and jumps, but never 
leaves the liquid sheet. I have so arranged this experiment as to be 
able to project it upon the screen. 

The second method of showing the conditions of stability depends 
upon the employment of cylindrical bubbles whose length is nearly 
Tc times hs great as their diameter. Beyond that length, as 
Plateau has shown, a cylindrical bubble is no longer stable. As this 
length is approached, the stability is diminished, or, in other words, 
the bubble more easily loses its form. If we blow a spherical bubble 
with oxygen between the poles of an electromagnet of moderate 
power, we find that the action of the magnetism upon the oxygen is 
not sufficient to make the bubble move appreciably when the exciting 
current is closed. But if we make the bubble take the cylindrical 
form with an apparatus so constructed as to render its length nearly 
TT times as great as its diameter, the magnetic influence imme- 
diately causes' the separation of the bubble into two parts, the larger 
attached to the nearer ring remaining between the poles of the 
electromagnet and the smaller attached to the more distant ring. 

I shall now blow a large bubble, using my mouth as an injector 
and employing my hands without any other apparatus. This method 
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■was shown to me by Prof. Wood. After thus taking a bubble between 
m}’’ hands, I gently separate them until a neck is formed in the midst 
of the bubble and then until this is divided into two. I now beat 
the two bubbles together in a horizontal direction, and you observe 
that tlicy do not unite, but flatten each other and resist nearer 
approach. If, on the contrary, they are inade to approach in the 
vertical direction, they unite instantly and the approach is facilitated. 
In the -first case, the clean, smooth surface of the two bubbles did not 
permit the air to be squeezed out, while in the second case the rough 
surface of the liquid which drips away at the lower part of the upper 
bubble broke the intervening layer of air. The two bubbles were 
then able to unite, either attached to a common face or septum, or, 
if the latter broke before becoming visible, re-forming the original 
single bubble. This operation may be I'epeated several times. 

What I shall now show' you rests upon the follo-\vdng property 
which bubbles possess: When their surfaces are smooth and clean, 
they may be pressed against each other without there bemg actual 
contact. If I place a. bubble upon a horizontal ring just not large 
enough to admit of its passing through as a result of its owm w'eight, 
and if I push it do-^vmward with a liquid sheet spread over another ring 
it w'ill pass through at once. If we take care to remove ail the drops 
which may form upon the lo-v'er surface, we shall be able to push it 
upward again. In no case does the liquid sheet really touch the 
bubble. 

I blow a bubble under a ring and suspend from it another ring of 
aluminum wire so as to be able to give it a slightly elongated form. 
Inserting the pipe, I blow into the interior another bubble, which I 
detach. This second bubble will descend into the interior of the first 
until it finds a support at a certain parallel of latitude in its lower 
hemisphere and -will remain there as long as no drop suspended from 
its lower part shall come into contact with the outer bubble. But 
these drops can be removed with the pipe. The outer bubble can 
then be elongated and pulled downivard by means of the aluminum 
ring so as to compress the inner bubble and give it the form of a 
prolate spheroid, which can be swnmg around and around -without 
there being actual contact bot-ween the two bubbles during these 
operations. 

I then remove the lower ring by peeling it off, so to speak, and then 
withdraw the air present between the two liquid sheets until it is 
almost impossible to see between them. If I then blow in some 
air again tangentially, the inner bubble will assume a rapid rotary 
motion. The bubbles are too large to be easily projected upon the 
screen. However, I can make these operations and other similar 
ones more visible by simply utilizing the shadow thro-wn upon the 
screen by the positive crater of an electric arc. 



EXPEEIMENTS WITH SOAP BUBBLES — ^BOYS. 


217 


I blow a bubble upon a ring and insert some coal gas or some 
hydrogen, and it tends to rise; but as it is held down b}'- the ring, it 
is elongated upward, it assumes on an enlarged scale and in the oppo- 
site direction the form of a liquid drop, and finally detaches itself 
in a similar manner. When a bubble blown into the open air con- 
tains a very small quantity of illuminating gas, it may bo that it is 
Just light enough to float or that it has a tendency either to ascend or 
descend. If it be just light enough to have a tendenc„v to ascend, we 
see that after some minutes, owing to a process id' dili'usion, condensa- 
tion, and evaporation, it loses a little of its light gas and tends to 
descend agahi. On the other hand, a large bubble containing a 
quantity of illuminatmg gas not quite sufficient to sup|)ort it may 
occasionally float along over a paved area and gradually de.sceuding 
it may rid itself of tbe heavy drop by contact with the stmie and then , 
thus lightened, it can slowly remount. These large bubbles are veiy 
beautiful, especially when blown out of doors, and in the new edition 
of my book on soap bubbles I have given very numerous hints as to 
the most practical method of making them. Unfortunately, it is not 
possible in this amphitheater to reproduce the conditions of bubbles 
made in the open ah*. I should like, however, to point out that one 
of the most special features of the beauty of these bubbles is the sky 
fine, which is seen in a kind of spherical perspective upon the upper 
surface and again, but then reversed, upon the lower surface. You 
do not see the images of windows reflected by bubbles in the open air, 
although you may see pictures representing this phenomenon. I can 
show you a photogi-aph (pi. 1 , fig. 2) I took of a bubble in the open air, 
and in which the buildings behind my office in London appear 
deformed according to a curious perspective I call spherical. The 
view is a dismal one, but the photograph is interesting; a similar view 
taken in a beautiful garden or near magnificent buildings would be 
still more attractive. A second photograph (pi. 1, fig. 3), which I took 
last November under most unfavorable conditions, shows that the 
bfibble reflects portraits in a charming manner. A very large number 
of persons can thus be represented about a central figure, those more 
distant appearing smaller and those at the edge appearing elongated 
and curiously distorted. We may thus have an interesting souvenir 
of any special occasion. I have called these portraits dream portraits, 
and I commend them to yoiir attention. 

Let us return to our gas bubbles. I blow a gas bubble upon a ring 
and into the interior of tins an ah' bubble. In the gas the air is so 
heavy that the bubble hangs like a heavy drop from the extremity of 
the pipe and it soon detaches itself. If, on the contrary, I blow an 
air bubble upon a I’ing and place in the interior a gas bubble the latter 
will float and rest against the upper wall of the outer bubble where 
there are no heavy drops to break the air film. If I now cause a little 
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gas to enter the outer bubble the inner bubble %snli float like Moham- 
med’s coffln, suspended in space. I can now detach the outer bubble 
from the ring by means of a second ring or by blowing a third bubble 
in contact with the ring. Starting again, I blow a small gas bubble 
in an air bubble held upon a ring. With a second ring I lay hold of 
the outer bubble and draw it out into the form of a cylinder. If I 
incline it alternately in the two directions, the inner bubble travels 
backward and forward the entire length within this cylinder. Again, 
I remove the second ring and gradually blow more gas into the inner 
bubble. Thus I can enlarge it to the point of pulling upward suffi- 
ciently strongly to support the ring and small objects suspended from 
it. At no time, however, does the inner really touch the outer bubble, 
though it supports the load carried by the latter. 

I begin again, and unth one hand I place an outer bubble on a ring. 
I pass a ring into this outer bubble and then blow a bubble on it. I 
then blow a third bubble containing gas in the interior of the other 
two. I can then, at my pleasure, take away first one ring and then 
the other, and thus render the three bubbles free, or transfer tbem to 
another ring. It is possible, but not easy, to blow a fourth bubble 
in the interior of the first three. However, it is not possible to follow 
the same method as before, for we find ourselves limited by the 
number of bands. 

If the two bubbles blowm upon a ring are pressed against each other, 
we have seen that they do not unite; but if the least electrostatic 
attraction be established between the contiguous surfaces the union 
of the two bubbles is instantaneous and a single bubble is formed. 
This can be accomplished by means of a stick of sealing wax, or of a 
Morse kej^ and wires connecting the supporting rings to the terminals 
of the electric arc. Two bubbles are much more sensitive than a gold- 
leaf electroscope. 

I now take two bubbles, one within the other. If I bring a piece of 
sealing wax near the outer bubble, the influence exercised can be 
sufficiently strong to deform the outer bubble, but the inner bubble is 
not afl'ected, for the electric force is nonexistent in the interior of a 
conductor. I know of no other means of demonstrating the absence 
of electric force in the interior of a conductor and at a distance from 
the exterior surface less than one twenty-five thousandth of an inch. 
The two preceding experiments may be combined into a single one, 
so as to show the contrast between the behavior of an outer bubble 
and an inner bubble. The two outer ones join while the inner re- 
mains unchanged. 

Now, that I have finished my task, I must express the hope that 
the beauty of the phenomena which I have been able to show you 
may persuade you to pardon me for any failures I have met, for one 
can never be sure of succeeding every time, and especially for the 
small amount of purely theoretical interest in this communication. 
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By Sir VaLU-iM Ramsay. 


Our investigation of rare gases necessarily brought us to measure 
their densities, in order to be able to draw a conclusion touching 
their atomic weights. Until then (1S95) vessels with a capacity of 
several liters were 8 mplo 3 /ed, e. g., Regnault in his clas.sic experiments 
made use of balloons containing about 2 liters, while Lord Rayleigh 
employed vessels of the same capacity. Unable at the beginning of 
our researches to separate from the atmosphere more than 200 cubic 
centimeters of argon, we were compelled to determine its density with 
a much smaller quantity, about 160 cubic centimeters. It is obvious, 
however, that even this quantity is capable of giving a satisfactory 
result; for the weight of argon ascertained by the balance was 0.27 
gram, and even with a balance the sensitiveness of which does not 
exceed 0.1 milligram, the error is no more than 1 part in 2,700. 

Later, whenvvm succeeded in obtaining the congeners of argon — neon, 
loypton, and xenon — ^\vhich form a minimal fraction of the atmosphere, 
we became bolder. We weighed only 32 cubic centimeters of neon 
at a pressure of half an atmosphere: its weight was about 0.011 gram. 
As to kryjiton and xenon, the quantity at our disposal did not allow 
us to weigh more than 7 cubic centimeters; but their greater densities 
permitted the attainment of an equal degree of accuracy, for the 
weight was 0.015 gram. The error did not exceed 1 or 2 per thousand. 

Wc also attempted to determine the specific volumes of la'ypton 
and xenon in the liquid state. We constructed capillary tubes in 
which the gases were liquefied at a low temperature, and we succeeded 
in measuring quantities such as 0.006 cubic centimeter. 

But although these quantities arc very small, those of the radio- 
active products are much smaller. In the first place, radium is not 
found in large c^uantities; and owing to the sIoTvness of its disintegra- 
tion, 'which continues for thousands of years, we have only minimal 
quantities of these substances at our disposal. Let me remind you, 
gentlemen, that half of the life of radium goes back 1,700 3 mars, that 
it is disintegrated into emanation and helium, and that even with 

* Lectors before the SoeifiU frangaise de Physique, Session of April 20, 1011. Translated by permission 
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0.50 gram of bromide of radium, tlie total quantity of emanation can 
never exceed O.l cubic millimeter. 

Let us first see what are the means at our disposal of performing 
these operations. We may calculate: 

With a good chemical balance 10 •^=0.0,001 

With an assay-balance 10 '*=0.0,000,01 

With Nernst’s micro-balance 10 ■®=0.0,000,001 

With the micro-balance constructed by Whytlaw- 

Gray 3 X 10-8=0,0,000,000,003 

The spectroscope permits the discovery of helium. 2 X 10''“=0.0,000,000,000,2 

The sense of smell (.for mercaptan) 10'i*=0.0,000,000,000,01 

The electroscope 10'‘8_o.o,000,000,000,001 

Everyone is aware how the electroscope has become a much-used 
means of determining the presence of radium and thorium in rocks. 
To it M. and Madame Curie owed their discovery of radium, and those 
who determine the content of rocks in radium confidently distinguish 
between samples which contain 2.3 X lO'^- and those containing 
2.4 X gram per gram of ore. 

Within the last few years we have been devoting our attention to 
the emanation into which radium changes spontaneously. Owing to 
the courtesy of the Vienna Academy, I have had at my disposal more 
than half a gram of bromide of radium, and ilr. Whytlaw-Gray and 
I have succeeded not only in measuring the quantity of gas which it 
continually gives off in the gaseous state, but even in determining its 
volume in the liquid state; in freezing it by cooling it with liquid air; 
in measuring the wave-lengths of the rays of its spectrum; and in 
weighing a cjuantity not exceeding one-tenth of a cubic millimeter. 
But that is not all. ilessrs. Cuthbertson and Porter, my colleagues 
at University College, have invented an apparatus enabling us to 
determine the index of refraction of that minimal quantity. There 
is a proverb in English, “Cut your coat according to your cloth,” 
and its parallel in French seems to be, “Regulate your mouth by 
your purse.” Our purse contained but little of the noble element, 
and perhaps this lecture corresponds to that minimal quantity; but 
I rely upon your indulgence, “making of an egg an ox.” 

This bromide of radium, dissolved iif water, was contained in a 
small glass bulb sealed onto a Toepler pump. You know, gentlemen, 
that under its influence water is decomposed into hydrogen and 
oxygen. We actually obtained weekly almost exactly 25 cubic centi- 
meter of detonating gas. There is always a small excess of hydrogen, 
doubtless by reason of the formation of peroxide of hydrogen. This 
excess is very useful, for it gives after explosion a bubble of hydrogen 
which carries the emanation and permits of transferring it into vessels 
for experiment. Moreover, hydrogen is not condensed at the temper- 
ature of liquid air, while the emanation is deposited on the walls of 
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the vessel in a solid state. Consequently, we can easily separate the 
two, removing the hydi'ogen vdth the pump. The emanation then 
remains entirely pure. 

I shall begin by giving you an idea as to how we set about meas- 
uring the volume of the emanation. In the first place, one must avoid 
all contact between the emanation and the grease of the pump-tap, 
for fear that the resulting carbonic acid may make the gas impure. 
We avoid all danger of this kind by sealing the explosion-tube with 
mercury; but in order to guard against this contamination, we leave 
the hydrogen with the emanation for three hours in a small tuba 
whose upper part contains some caustic potash melted upon the walls. 
This period having elapsed, the products of the disintegration of the 
emanation have reached their maximum, for ra- 
diums A, B, and C have but a short life, changing 
into D, which is wdthout radio-activity. It being 
necessary, for reasons which will appear later on, 
to measure the y rays at this juncture, wdth the 
aid of an electroscope we determine the emana- 
tion’s power of discharge. 

In figure 1 we see the small tube a. We see also 
a reversed siphon closed by a kind of glass cap. 

The cap being raised and the tube placed above, 
the gases enter the apparatus through the capil- 
lary tube h, narroTv at the upper end, to prevent 
the mercury from entering too rapidly. 

But before introducing the gas it is necessary 
to erqpty the apparatus. Opening the tap and 
lowering the reservoir f we connect the pump 
with the apparatus. We remove all air and by 
means of the reversed siphon admit some hydro- 
gen, which must remain for a night in the appa- 
ratus in order to displace atmospheric air adher- 
ing to the walls. This displacement is accelerated by heating in the 
flame the tubes Tc, i, j, I, ni. In the morning the apparatus is again 
pumped empty . The reservoir/ is raised in order to make the mercury 
ascend above the tap Ti, and the tap is shut. At noon the measurements 
of radioactivity will have been made, and we introduce the hydrogen 
with the .emanation, replacing the cap, -srhich, sealed with mercury, 
has no need of grease to make the joint air-tight. The gases can not 
come into contact with the tap, which is protected by the mercuiy. 

You can see a tube i containing some pieces of caustic baryta. 
Tbis arrangement is for two purposes: First, to dry the gas; secondly, 
to remove eveiy trace of carbonic acid which may have escaped the 
action of the potash. The gas is left in the tube for half an hour to 
make sure that neither moisture nor carbonic acid remain. 
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Ill j there is a cone of blotting-paper, which is moistened with 
water. Pouring in liquid ah’, it forms a vessel tight for liquid air, 
because it consists of ice. The tube which it surrounds is so cooled 
that the emanation freezes in its interior and is deposited upon the 
walls. We may now open the tap h, for the emanation can no longer 
be contaminated, and the hydrogen is pumped off. But even at the 
temperature of liquid air the emanation possesses some little vapor 
pressure, and, consequently, a certain quantity accompanies the 
hydrogen. To take this quantity into account, its radio-activity is 
next determined, and by comparing it with that of the gas before its 
introduction into the apparatus the loss is ascertained, and conse- 
quently the quantity remaining in the apparatus. 

Having removed the hydrogen as far as possible, we raise the reser- 
voir/ in order to protect the tap h against attack by the emanation, 
and heat the tube j. The emanation is volatilized. Raising the 
reservoii' d, it is compressed mto the capillary tube rn, where its 
volume is measured. But this tub© must be chosen of such a 
diameter that its volume can be determined at a pressure little 
removed from that of the atmosphere. If we measure under too 
low a pressure, the correction for the capfflarit}’, which may rise to 
two centimeters of mercury, becomes too great. However, it is diffi- 
cult to estimate the magnitude of the correction, for we have been 
unable to find constant results for the capiUarity; it seems to be 
influenced by the state of electrification of the mercury, due to the 
presence of the emanation. But that is of little consequence when 
the measm’ement is made at a pressure near 760 miliimeters, for we 
may almost disregard a pressure of 5 millimeters, which does not 
exceed 0.7 per- cent of the total pressure. 

To give you an idea of the exactness of this measurement, allow 
me to state the result of a recent experiment by which we ascertained 
that a sample of helium had a volume of 0.042 cubic millmieter; the 
length of the tube measured was 20 millimeters, which permits the 
attainment of an approximation of 1/200. A platinum wire sealed 
thi’ough the top of the capillary tube makes it possible to test the 
purit}’’ of this gas by passmg through it an electric discharge. The 
other electrode consists of the mercuiy of the reservoir, and we may 
prevent the hues of mercury from being seen by solidifying it with 
a paper cone fiUed mth liquid air, surroundmg the tube. . 

We have compressed the emanation so as to liquefy it: the tube 
containing it is of thick glass and can resist a considerable jmessure. 
We have cut it off and mounted it in a compression apparatus like 
that of Amagat. The emanation liquefies at the ordinary tempera- 
ture at a pressure of about 10 meters of mercury. The volume of 
gas, which was 0.1 cubic millimeter, was reduced to 0.00025 cubic 
millimeter; it occupied about 0.24 millimeter of the length of the 
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capillary tube. Naturally, we used a microscope to observe it. 
However, it was easy to observe its properties. The eruanation. is 
colorless like water when seen by transmitted light. Seen by re- 
flected light, it makes the tube phosphorescent, and its color depends 
upon the nature of the glass. In silica it emits a white light, in soda- 
glass a lilac color, in potash-glass the color is greenish blue. THien 
the emanation is liquefied in soda-glass its appearance recalls that 
of a cyanogen flame, being at the same time bluish and pink. 

This gas when cooled to —71° becomes opaque and solidifies. A 
striking change of color is noticeable; the solidified emanaliou causes 
the glass to emit a brilliant steel-blue glow like a small electric arc. 
At a stUl lower temperature the color changes to yellow, and hi liquid 
air it becomes orange red. When the temperature rises, the changes 
of color come in inverse order. Though its brilliancy is very intense, 
I scarcely think that its use can rival modern methods of illumina- 
tion. 

We have succeeded in measuring the volume of this rare liquid, 
and Icnowing, as we shall see later, that the density of the gas is 
112.5, we may calculate the density of the liquid. It is very heavy, 
6.7 times heavier than water. 

I have hitherto designated this gas by the name given it by Messrs. 
Rutherford and Soddy. But it doubtless belongs to the series of 
inactive gases, and there are already three emanations — that of 
radium, of thorium, and of actinium. The expression “radium 
emanation” is not a very happy ojie, and we had to seek a name to 
indicate one of the strildng properties of the gas and at the same time 
to recall its congeners of the argon series. We coined the name of 
niton, signifying “shining.” It is true we paid no heed to the 
scruples of the purists, who forbid the addition of a Greek ending to 
a word of Latin origin. My excuse is that it was a generalh^ accepted 
-custom among the Greeks to adopt Latin words (e. g., aoudhpiov, dipd.- 
pcov, 7:pasx(hpsov, Efjvooc, and numerous others). 

Dr. Collie and I succeeded in 1904 in measuring the wave lengths 
of some of the spectral lines of niton. In collaboration with Sir. 
Cameron other attempts were made. Mr. Watson made in my 
laboratory a thorough study of this question with niton purified by 
me. According to Prof. Hicks, this spectrum presents close analogies 
■with the spectra of the inactive gases. Being itself an inactive gas, 
there were many probabilities for its belongiag iii that series of ele- 
ments. 

Several attempts have been made to' determine precisely the atomic 
weight of niton. I shall confine myself to mentioning the experi- 
ments by means of diffusion of Curie and Danne, of Biimstead and 
Wheeler, of Rutherford and Miss Brooks, of Makower, of Chaumont, 
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and of Perkins. Suffice it to say that the results vary between 70 
and 235 for the atomic weight. Debieriie, employing Bunsen’s method, 
which is based on the escape of gas through a narrow orifice, gives 
the figure as 220. Now, taking into account the fact that radium 
in changing to niton gives off an atom of helium, and accepting for 
the atomic weight of radium 226.4, found by Madame Curie and con- 
firmed by Thorpe, the atomic weight of the emanation must be 
222.4 = 226.4-4. 

The molecular weight is fixed by the density, and m the case of a 
monatomic gas (and there is every reason to believe that niton is 
monatomic) the molecular weight becomes identical with the atomic 
weight. xVs a definite test it was necessary to weigh a Imown volume 
of niton. 

But how is it possible to weigh a gas of which the largest available 
quantity did not exceed one-tenth of a cubic millimeter? I have 
already hinted that,vT.th the aid of the microbalance invented by 

Steele and constructed by Wbytlaw- 
Gray, the idea is not chimerical. Let 
me give you a sketch of the methods 
we have employed. 

First, however, I must make clear 
the construction of the balance. Sci- 
entists have for some years been 
employing a new substance — melted 
quartz. Everyone knows bow re- 
sistant it is. Its coefficient of ex- 
pansion by heat is almost zero, and 
we may work it like glass, drawing out rods of suitable thickness. 
Before constructing the balance, I consulted my colleague, the pro- 
fessor of engineering, as to the best form for a bridge to permit it to 
resist a maximum pressure. He was so kind as to give me a draw- 
ing of it. 

To construct the balance-beam grooves are dra’wm upon a plate of 
graphite with a knitting needle, and in these short rods of silica of 
about a half millimeter in diameter are placed. Where the ends of 
the rods touch, they are melted by turning on them for a moment 
the flame of an oxyhydrogen blowpipe. The knife-edge is formed 
of a small drop of silica, melted at the end of a short rod and ground 
to the form of a wedge with the greatest care. Seen under a micro- 
scope it must be straight, without notches, and well polished. Per- 
pendicular to this rod and quite near the knife-edge is sealed a second 
rod which serves to adjust the knife-edge so that when the rod is 
sealed to the beam of the balance, the knife-edge forms a right angle 
with the plane of the beam. This second rod serves also to support 
a small mirror of platinized silica reflecting the light of a Nemst 
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lamp, which, falls on a scale at about 3 meters from the mirror. The 
filament of the lamp projects its image upon the scale, divided into 
milhmeters. 

The balance is contained in a brass box, in which a vacuum may 
be made. This box is perforated with Uvo holes upon the lower 
surface, opposite and below the ends of the beam. There are cemented 
in these holes two hollow glass-stoppers, into which two tubes of 
about 3 centimeters’ diameter are fitted. In each of these tubes 
is suspended a very delicate quartz-fiber, soldered to one end of 
the balance-beam. These threads bend with the greatest ease. 
There are no pans. Suspended from one of the threads is a small 
bulb of silica, whose capacity has been ascertained by weiglung it 
filled with mercury. Thus it contains a known volume of air of 
knowm temperature and pressure; consequently, the weight of the 
air is k n own. A solid counterpoise of silica is suspended from the 
other thread. 

Now, when the air in the box containing the balance is under ordi- 
nar.y pressure, the bulb is balanced by its counterpoise; but if the 
pressure be diminished, the bulb sinks. If, on the contrary, the 
pressure be increased, the bulb floats and its apparent weight 
becomes less. Thus we may, by altering the pressure, add or take 
away small known weights. It suffices to read the pressure on a 
manometer, and the temperature, so as to have data for the 
calculation. 

The objects to be weighed are hung on the thread by small hooks 
of silica. But before weighing, the sensitiveness of the balance must 
be determined. This is done by means of a silica rod attached verti- 
cally to the center of the beam. It is originally longer than is neces- 
sary in order to be able to draw off small pieces of it by softening the 
silica with the blowpipe. Each time this is done the oscillation period 
of the balance is determined. Finally traces of silica are volatilized 
by heating in the blowpipe flame until the oscillation has acquired a 
sufficiently long period — e. g., an oscillation in 50 seconds. 

The vessel containing the object to be weighed is held in equi- 
librium by a counterpoise consisting of a hook of silioa. With this 
countci’poise air must be admitted into the box up to a known 
pressure. We began originally by admitting unpurified air, but 
were not long in discovering that every trace of dust and moisture 
must be removed. The air wffiich enters is consequently purified by 
passing through a column of pentoxide of phosphorus, of soda-lime, 
and of cotton wool. 

Above a pressure of 150 millimeters of mercury, currents of air 
in the box exercise a disturbing influence. It is therefore arranged 
that the balance shall be in equilibrium at a pressure of about 80 
millimeters. To this end we must alter the counterpoise, which is 



226 AsriruAL kepokt saxithsok'iajt instiiutioi^, 1912. 

done by adding small pieces of silica or by volatilizing a trace of it 
with the blowpipe. Tbis operation requires about an hour. 

]\Iy hearers will now understand that we have a balance capable of 
indicating a difference in weight of about two or three millionths of 
a miliigrain. 

In order to conceive of that, let us consider first that the bulb 
contained a volume of air which, at normal pressure and at 0° C., 
weighed 0.027 milhgram. Each ixfillimeter of the pressure gauge 
correspouds, consequently, to 0.0000355 millogram = 3.5 

hundred-thousandths, but each interval of ten divisions of the scale 
on which the light of the Nernst lamp is reflected from the mirror 
of the balance corresponds to 1 millimeter of pressure. Conse- 
quently, one division of the scale registei-s three-millionths of a 
milligram. As it is easy to read to the tenth of a division, we should 
be able to determine a variation of three ten-millionths of a milligram. 
As a matter of fact the sensitiveness is not so great. As I have already 
said, we may take it at two to three niillionths. 

Having now e.xplained the construction and operation of the 
balance, I should like to say a few words as regards our experiments 
with niton, the density of which we have determined. 

Let me remind you that we contrived a method by which a gas 
can be imprisoned in a capillary tube. Before making experiments 
with the precious niton, we tested the balance by weighing xenon, 
and as I possess 100 cubic centimeters of it, it was easy to afford 
half a cubic milUmeter. 

Having measured 0.0977 cubic millimeter of xenon in a capillary 
tube, we soHdified it at the top of the tube with a little cone of moist 
blotting paper filled with hquid air. It was sealed by turning a 
little flame on the tube above the cone, and placed in a small ‘ ‘ bucket ” 
hung on the balance. It was counterpoised and the pressure at 
which the spot of light was at zero of the scale was observed. To 
open the little tube without losing splinters of glass we removed 
with platinmn-forceps the “bucket” which it exactly fitted, and 
we pushed it into the bxtcket so that the pointed end was broken. 
We then replaced the bucket and tube on the balance. To remove 
the xenon from the tube, a vacuum was made in the box several 
times, and by means of the Httle air-bulb by changiag the pressure 
we. ascertained the loss in weight corresponding to the xenon. The 
change of pressure w'as 17.1 millimeters - (70-52.9), which corre- 
sponds to 608 mdllionths of a milligram. 

But that does not give the true weight of the xenon, for the tube 
is filled vith air at a pressure of 52.9 millimeters, and as the volume 
of the small tube is kno-wn, its weight can be estimated. It is 46 
millionths, so the total weight is the sum of the two, or 654 mil- 
lionths of a milligram. There is even yet a correction to be made. 
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First, tile tube was of glass, and its densit}^ differs from that of 
silica of which the counterpoise consisted. 

To determine the alteration due to this difference of densities, 
the bulb was removed and a counterpoise of sohd silica substituted. 
Weighing again, we found a difference of 91 millionths, which being 
subtracted leaves 561 millionths. Secondly, a correction is to be 
made owing to the xenon's having been weighed at a pressure of 
70 millimeters, wliile the pressure has been changed to 52.9 milli- 
meters. If we had weighed the sealed tube at a pressure of 52.9 
millimeters instead of 70 millimeters, it would have weighed more. 
The coi;rection, then, is positive. We must find the difference 
between the weight of 0.536 cubic milUmeter (the capacity of the 
bulb) at 70 and at 52.9 millimeters (17.1 millimeters). The equation 

1 20 

17.1 X0.536Xt^X 1000 = 15 millionths 

gives this weight, where 1.29 is the weight in milligrams of a cubic 
centimeter of air. 

Thus we have 561 + 15 = 576 milhonths of a milligram for the 
weight of the xenon. It is easy to show that the weight calculated 
should be 577 millionths. 

Allow me to give another example of weighing with tliis balance. 
Mr. IThytlaw-Gray and I have ascertained the weight of helium 
formed by niton when it changes to radium A, B, C, and lastly D, 
In the manner already described we filled a tube with niton 
in July, 1910. We left it imtil the beginning of October, that it 
might change to helium and radium D. This last has a haW-life 
of about 16 years, so that it may be regarded as permanent. The 
tube was weighed, the point was broken, and it was immediately 
again placed on the balance. The loss of weight was 15 millionths, 
its volume was 0.196 cubic millimeter, and the weight of aii- which 
entered at a pressure of 37.7 millimeters and 18.5° C. was 12 mil- 
lionths ; therefore, the total weight of the helium was 27 millionths. 

But given the quantity of niton employed, we should have obtained 
38 millionths, so it became necessary to look for it. Now, imder the 
influence of niton the gas molecules which are found in the same 
vessel are forced to accelerate their velocity, doubtless because of 
collisions vdth the a particles projected during the disintegration of 
the atoms of niton. This velocity causes them to penetrate the walls 
of the vessel containing them, and the result of our experiments is 
that the penetration depends not only upon the velocity hut also 
upon the size and form of the molecules. Thus, helium mixed with 
niton penetrates the glass more than neon and neon more than 
hydrogen. However that may be, we heated the tube in a small tube 
of silica surrotmded by a second tube to prevent the entrance of the 
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gases of the flame. We removed the gases with the pump, and, by 
means of carbon cooled with liquid air, absorbed the oxygen introduced 
at first to displace the air, wiiich might have contaminated the gases 
with a trace of neon and helium. The residue measured 0.042 cubic 
millimeter; its spectrum was that of pure helium, and its weight 
was eight millionths of a milligram. Adding this to the weight 
already indicated by the balance, we obtain thirty-five millionths, 
which differs by only thi’ce millionths from the figure calculated upon 
the hypothesis that every atom of niton, on disintegrating into radium 
D, lets three atoms of helium escape — i. e., three a particles. 

Our main obj ect was to find the true atomic weight of niton. . To do 
this we introduced, in five experiments, quantities of it varying 
between 0.075 cubic millimeter and 0.0566 cubic millimeter into 
density tubes as I haxm already described. These are the volumes of 
the niton actually removed from the tubes with the pump. It is self- 
evident that corrections had to be made for the losses of niton due to 
its partial spontaneous decomposition into solid products and for' the 
part that had penetrated the w’alls, either under its own form or under 
that of helium. . The weights we found range between 572 and 739 
millionths of a milligram. The atomic weights were 227, 226, 225, 
220, and 218; mean 223. Starting from the determinations of 
Madame Curie and Sir Edw'ard Thorpe of the atomic weight of 
radium and subtractmg that of helium, 4, we obtained the atomic 
weight of niton, 222.4, a sufficiently satisfactory agreement. 

Let me describe to you briefly another experiment by Messrs. 
Cutbbertson and Porter, of the Physical Institute, University College. 
The object is to find the index of refraction of niton hy employing less 
than one-tenth of a cubic millimeter of this gas. At the end of a sealed 
capillary tube they polished two surfaces parallel to the axis of 
the tube and perforated the tube with a small hole perpendicular to 
these surfaces. By cementing two plates oi polished glass to the 
surfaces a small chamber was constructed %vith a capacity of about 
1 cubic millimeter. They platinized two small circles on the polished 
glass so that the light could pass through the platinized part and also 
be reflected by the metallic surfaces of the plates. This thermometer 
tube fonned the upper part of an apparatus such as that which I have 
described to you, into which purified niton could at pleasure be intro- 
duced. Looldng at the green light of a mercury lamp through the 
hole, fringes in the form of concentric circles could be seen, the lengths 
of whose radii change with every change of pressure. By measui’ing 
the number of bands which pass through a fixed point for a known 
change of 'pressure the refraction of the gas can he calculated. 

Several measurements were more or less successfully made. The 
difficulty which made it impossible to continue the investigation was 
entirely unforeseen. This was the corrosion of the platinum by the 
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niton. Tho platinum becomes deep black and thus entirely loses its 
transparency; and it is impossible after a few minutes to see any 
iigbt tbrough the platinized plates. But before the attack began 
a few observations were made indicating as the refraction (/i — 1) of 
niton a figure approxinialing 0.001633 for white light, or about io 
times that of helium, 0.00003.5. You will perhaps remember that 
kli’. Cuthbertson pointed out a very curious relutionslhp among the 
figures expressing the refractions of inert elements. Those of helium, 
neon, argon, krypton, and xenon show the shupie relation 1,2,8, 12, and 
20. That of niton seems to be in relationship with the others. 

The possibility of weighmg such minimal quantities suggests in- 
vestigations wMch must be very interesting. We might, for instance, 
calculate the thickness of the layers of gas attached to solid objects, 
for their weights are quite perceptible. Dr. Whitlaw-Graj* weighed 
a very light capsule of gold with a surface of about 2.,5 square centi- 
meters. .lifter heatmg it to redness he at once replaced it on the 
balance and counterpoised it. It gained in weight for two days, 
tho total increase bemg 1,000 mUlionths of a milligram. Calculating 
the thickness of such a layer of air, it appears to be seven mole- 
cules thick. There is evidently much to be done in that respect, for 
the substances, the nature of the gas, the temperatiu'c, and the 
pressure may be varied at pleasure. 

We have also learned another extraordinary fact. We needed 
pure water which should leave no solid residue in evaporation. 
Although we distilled w'ater in vessels of platmum, silica, and silver, 
we could never obtain a drop but there remained after evaporation 
a crystalline deposit. We even attempted simthetic water prepared 
by burning hydrogen in contact with cliilled vessels of glass, silica, 
platinum, and silver. The drops obtained all left a similar deposit 
weighing about 100 millionths the drop. We spent a weary fortnight 
in attempts of this kind, and finally discovered that no residue is 
obtained wiren wmter is evaporated in a current of ah filtered through 
cotton wool. The residue came from the dust susi^ended in the air. 
According to their appearance the crystals consisted for the most 
part of common salt, carbonate of lime, and sulphate of lime. 

Thus it is evident that water In evaporating is charged with elec- 
tricity and attracts dust, which possesses a relatively great weight. 

Gentlemen, these are some ot the experiments we have been can'ying 
out during the last few years. Instruments such as the spectroscope, 
the microscope, and the electroscope have been highly perfected for 
the investigation of minimal quantities. We have often had reason 
to regret that our means of determining the quantity of matter by its 
w’eight and volume have lagged so much beliind. I trust w'e have 
not wearied you in giving some account of our attempts to see the 
invisible, to touch the intangible, and to wmigh the imponderable. 

Sr)3C0°~SM 1912 16 




THE LATEST ACHlEVEJNiEHTS AND PROBLEMS OP THE 
CHEMICAL INDUSTEY.i 


By Prof. Dr, Carl Duisbeeg, 
Of Eherfdd, Germany. 


Probably in no domain of human knowledge and endeavor have 
the combined forces of theory and practice, intimately acting and 
reacting upon each other, made such immense strides and led to the 
solution of such difficult problems as in the chemical industry, an 
industry which, indeed, had its beginnings in the distant past, but 
in its vast development and international character is essentially a 
child of modern times. Success has so emboldened this industry that 
it considers itself capable of solving any problem, provided the men 
in its servdce are well trained in theory and practice and I’oady to 
devote themselves to the best of their ability, with patience and 
perseverance, to the object in view. This has been shown by the 
struggle between the contact process of producing sulphuric acid and 
the old ‘'chamber process” ; by the rivalry between the Solvay proc- 
ess and the Le Blanc method in the manufacture, of soda; by the 
production of nitric acid and its salts by direct oxidation of nitrogen 
of the air under the influence of the heat of the electric discharge; by 
the manufacture of ammonia from atmospheric nitrogen indirectly 
via calcium cyanamide, and directly by combination with hydrogen; 
by the replacement of madder by alizarine, and of natural by syn- 
thetic indigo, as well as by innumerable other instances in the color, 
perfume, and pharmaceutical industries. 

If, before an audience not wholly consisting of chemists, I venture, 
within the brief period of an hour, to describe the latest achievements 
of the chemical industry and to recount the problems that are engag- 
ing our attention, I must restrict myself to a great extent both in the 
choice of the subject matter and its mode of presentation. We can, 
indeed, merely touch upon the most important happenings in our 
industry and must, from the very outset, refrain from a thorough 
discussion of the subject, either from the purely chemical or the 
technical side. However, what can not be described for lack of 
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time, and what we should very much like to add for the sake of those 
chemists who are_ present, is illustrated by that rich collection of 
dia<ii’!ims, products, and materials of all Jvinds. What can neither 
be mentioned hi my -paper nor illustrated by these exliibits will be 
demonstrated by moans of lantern slides, and, should you possess 
patience enough, I shall show you at the conclusion, of my address 
one of the newest factories which the German chemical hidustry has 
built on the Rhine, with its i-arioiis manufacturhig departments, and, 
above all, its provisions for the. welfare of its employees. 

In the spirit of Faust, ‘‘Whiu brings much will bring somethmg to 
many,'’ I invite you to make a flight with mo m an airship, as it were, 
over the fields where the chemical industry holds sway, and, from our 
pohit of vantage, to t.ake a bird’s-eye view of the latest achievements 
of this industry. Xow and then wo shall make a landing and examine 
the most attractive features a little more closely. 

PSODUCTIOX OP POWEE. 

The question of power, which is of the utmost importance m every 
industry, and especially in the great synthetic processes by means of 
which nitiio acid and ammonia are manufactured, is now dominated 
by the perfected utilization of hydi-aulic power and the development 
of the turbine. Xot only does the transmission of electric energy 
render it possible to utilize water power at great distances, hut it also 
allows of the transmission of power evolved at the coal mines and the 
peat fi.eids to distant points, thus elimmating the necessity of trans- 
porting the fuel itself. Recently we also learned to apply the pidn- 
ciples of the water turbine to the steam turbine. But this advance 
over the piston steam engine, which Watt so ingeniously constructed 
about 1 50 years ago, has already been surpassed by benzine, petro- 
leum, or oil motox’s (Diesel xnotors), and, above all, by the reliable gas 
engines wiiich are driven by blast-furnace gases, Mond gas, and more 
recently by peat gas. 

PEOnUCTION OF BY-PROnUCTS. 

The manufacture of by-products goes hand in hand with this more 
direct generation of energy from fuel. These products include 
ammonium sulphate, of such great importance in agriculture, and the 
tar distillation products, so indispensable in the color industry. The 
latest and mo,st rational method' of utilizing tlie peat or turf beds, 
which are so plentiful in Germany and in many other countries, is 
practiced in Schweger iloor, near’ Osnahriick, according to a process 
discovered by Frank and Caro, There peat gas is produced and uti- 
lized and ammonia obtained as a by-product, the required power 
being generated in a 3,000-horsepower central electric power station. 
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The moorland, after removal of the peat, is rendered serviceable for 
agricultural purposes. 

At that place nearly 2,500 to 2,600 cubic meters of gas, with 1,000 
to 1,300 calorics of heat, were obtained from 1 ,000 khogxams of abso- 
lutely water-free peat in the form of air-drieil ])eat., with 45 lo 00 or 70 
per cent of moisture. This gas roprosen c.s energy equal to 3 ,000 horse- 
power hours, equal to 700 kilowatt hours, after deducting the he,at 
and power used for the operation of tlie gas works. In addition 
kilogTams of ammonium sulphate wore produced from the above 
quantity of peat, wliich contains 1 per cent of nitixtgen. 

The greatest problem of power production, the direct conversion of 
coal into electric energy by means of gas butteries, a proltlem which 
we had hoped to solve 25 years ago, is still to-daj’- nothmg more than 
a dream. 

PKODUCTIOX OF COLD. 

Besides the problem of power and heat, the question of refrigera- 
tion is one of growing importance to the chemical industry. Instead 
of the ammonia machines with which a tempera tui*e of minus 20° C. 
can he attained, we employ ' to-dar^ sulphurous-acid machines, or, 
better still, resort to the carbonic-acid gasifier, which yields a tempera- 
ture of 40° C. below zero. It is hoped in the near future to produce 
refrigerating machines which, by the use of suitable hydrocarbons, 
will give temperatures of mmus 80° C. Plants for the liquelaction of 
air, producing as low a temperature as minus 190° C., are becom- 
ing more and more common, and are especially profitable where 
gas mixtures rich in oxygen, or where pure nitrogen, which are 
simultaneously produced, can be utilized. Diagrams showing the 
process invented hj’ Linde for the rectification of liquid air with 
the object of isolating nitrogen and oxj'gen arc exhibited here. The 
Badische Anilin and Soda Fahrik in Imdwlgshafen on the Rhine in- 
tends bo manufactme hydrogen from water gas in a similar way and 
to utilize the carbon monoxide, which is simultaneously obtained, 
as a source of power. In a large plant which is being erected the 
firm is going to produce ammonia synthetically by combining, accord- 
ing to liaber’s invention, pure nitrogen, obtained by the liquefaction 
and rectification of air, with hydrogen manufactured as above. 
Particulars about this process -will bo given during the congress by 
Prof. Bernthsen in his lecture on “Synthetic ammonia. ” 

SIZE OP APPAKATUS. 

Influenced by the Solvaj’' process for the manufacture of soda and 
its pecuniary advantages, the apparatus used in the chemical indus- 
try have enormously increased in size. In this respect the United 
States, no doubt on account of the example set by the iron industry, 
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■with its blast furnaces with a daily capacity of 500 tons, its giant 
conveyers (50-ton wagons), its huge hoisting cranes, is ahead of 
other countries. But careful calculations have proved that there 
is a limit in this direction. The failure, on account of size, of the 
Slactear sulphate furnace, with a dail}' output of 25 tons, is well 
laiown, whilst the mechanical sulphate furnace of the Verein Cheinis- 
cher Fabriken in ^Mannheim, which produces only 7 tons a da}-, is a 
success everywhere. It is not improbable that the high cost of con- 
struction and the great loss which accidental stoppage entails will 
necessitate a reduction in size of the wonderful Wedge furnace, a 
crea tion of the United States, which roasts 30 tons of iron pjuites per 
day. 

In the organic chemical industry the iron vessels for chloriaation, 
sulphonation, nitration, reduction, and oxidation, as well as the 
wooden tanks in which we diazotize and produce colors, have devel- 
oped from the small vessels and vats of former years into apparatus 
of mighty size, their limit beiog generally determined by the capac- 
ity of the mechanical iadustry. But here, too, the mistakes which 
often occui* in manufacturing processes and the extra losses which 
they involve teach us that a wise moderation should be exercised. 

Wherever possible, continuous operations have replaced those 
processes wliich -worked intermittently. In this -w^ay loss of time 
and expense, caused by cooling and reheating, are avoided. This 
is exemplified by UebeFs new method of the production of nitric 
acid from Chili saltpeter with retorts lying above each other and 
without stirrer, and by that of the Badische Anilin and Soda Fabrik, 
where the chambers are back of each other with stirrer, these methods 
having replaced the old single retort process. 

MATERIAL FOR CHEMICAL APPARATUS. 

As regards the material for chemical apparatus several new wares 
must be referred to: 

Quartz vessels . — Apart from the fact that the saltpeter industry 
of Konvay taught us how to absorb dilute nitrous gases in towers 
20 meters high, made of granite, a substance which was rarely 
used for chemical purposes, we have to-day at our disposal tubes, 
dishes, and vessels of fused quartz, which are stable against acids 
and heat and which are manufactured in the same sizes and dimen- 
sions as the well-known earthenware vessels. 

Eejined steel . — ^The greatest progress, however, has been made in 
the manufacture of iron alloys or refined steel. 

Thanks to the kindness of Freidr. Krupp of Essen, I am in the 
fortunate position to describe a large number of hitherto unknown 
substances of great importance, of which I exhibit magnificent 
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specimens, photographs, and lantern slides. Just here, however, 
I must ask you to- make one of the landing.s from the upper air 
and permit me to deal with the subject at greater length. You 
will be astonished at the immense progress which has been made 
to the general benefit of our industry. 

Of the greatest interest are the alloys of iron with otlier heavy 
metals and metalloids, i. e., alloyed st('el. 

Instead of carbon, other elements are employed, which likewise 
enhance the hardness of steel, but prevent the formation of a crystal- 
line micro-structure liable to cracks and flaws. The most important 
of these elements is nickel. 

NicJcel steel . — The readiness with which nickel forms an alloy 
with iron has long been common knowledge. Even in Bessemer's 
days attempts were made in Great Britain to turn out cannon 
made of steel containing 2 per cent nickel. The experiments were 
not successful because the nickel obtained at that time contained 
impurities, such as copper, arsenic, and sulphur, so that the steel 
could not be forged. Thirty years later pure nickel, as we know 
it to-day, made successful results possible. The same was the case 
with chronaium, silicon, and manganese, and not until these elements 
were produced pure could successful alloy's be manufactured with 
them, either alone or together with nickel. The chief aim in the 
manufacture of these alloys is the formation of an amorphous, 
pliable structure of the steel. This result is attained not only by 
removing more or less of carbon, but above all by a ceidain thermic 
treatment, namelj’, by suddenly cooling steel heated to a high 
temperature, heating again and keeping it at a certain lower tempera- 
ture. You will see two samples of steel; in the one case, the coarse 
crystallization of the pure carbon steel before it is forged, and in 
the other, the same steel refined by the thermic treatment. The 
difference in the micro-structure of the forged carbon steel and that 
of the forged and thermically treated nickel steel must also be 
noted. Whilst carbon steel after forging still shows a crystalline 
structure with visible cleavage planes of the crystals, the section of 
nickel steel displays an amorphous structure closely resembling 
that of welded iron. For comparison sake, a sample of a welded iron 
fracture is exhibited. It must not be overlooked, however, that 
nickel and chrome nickel steels are twice or three times as hard as 
welded iron. There are also exhibited test pieces of construction 
parts to be used in the automobile industry" made of alloyed steel. 
Notwithstanding the high tensile strength of about 90 kilos per 
square millimeter (i. e., about 55 tons per square inch), no fracture 
is noticeable, although, they are greatly bent. 

Aside from these improvements, which are of such great moment 
for structural steel, the iron alloys have found many new applications. 
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I merely mention tlio uifl’erent nickel alloys for sliipbuilding, 
electric a]>pliuncc3, and for ^’•ah'es. These valuable alloys con- 
taining 23 per cent and more nickel, are nonmagnetic, and not 
afl'eetpd by atmospheric influences; those contaming 30 per cent 
nickel possess great resistance to electricity, whilst the c‘oefficient 
of expansion of steel with 45 per cent nickel is only one-twentieth 
of that of ordinary stool and not greater than that of glass. 

Chromium, tungsitn, and moh/hdenum steel. — It is a veiy interesting 
and novel fact that by the thermic treatment alone the microstructure 
of the cheaper lands of unalloyed iron plates and hon shapes is so 
changed that it becomes three times as insistent to the destructive 
effect of acids. If alloys of h’on -with chromium, tungsten, molybde- 
num, and aluminium in certain proportions are thermically treated, 
this resistance is increased fivefold, as is shown by samples of ordinary 
carbon steel and chrome nickel steel which underwent a treatment 
with dilute sulphuric acid for 56 days. 

An alloy of ordinary iron vdth 5 per cent nickel is an excellent 
material for ^vithstandhlg hot caustic soda. Most astonishing 
properties are displayed by steel alloys contaming mure than 10 
per cent of chromium and a small addition (2 to 5 per cent) of 
molybdenum. Such alloys are manufactured in the form of malleable 
cast and forged ii'on pieces by Krupp according to the patents of 
Borchers and Monnartz in Aix-ia-Chapelle and in the form of rolled 
tubes by the Mannesniann ilohi'cnwerken in Remscheid. These 
alloys are insoluble not only in dilute hydrochloric acid and sulphuric 
acid, but also in dilute nitric acid, even with the addition of alkali- 
chlorides, and if they contam about 60 per cent chrome, 35 per cent 
iron, and 2 to 3 per cent molybdenum they withstand even boiling 
aqua regia. You \vill see samples of this extraordinary steel, after 
treatment with acids, compai’ed with ordinary steel and cast kon. 

Tool steel . — It must be especially mentioned that the alloys of 
iron with chromium, tungsten, and molybdenum tempered by a 
special process invented by two Americans — ^Taylor and BTiite — ^find 
most important uses as quick turning steel for all kinds of tools. 

Vanadium steel . — ^The most recent improvements in the manu- 
facture of steel for tools which must of necessity keep pace in hard- 
ness with structural steel have been made by the employment of 
vanadium. Unfortunately, this metal, the use of w-hich is steadily 
increasing, is still very dear, and the problem which chemists have 
to solve is to produce it more cheaply. If the price could be reduced 
perceptibly, metallurgists prophesy a great future for this metal, 
which exercises a very favorable influence on the microstructure of 
steel. 

Of great importance are those alloys of kon with chromium, 
tungsten, and vanadium, which possess a high degree of hardness 



ACHIEVEMENTS OF CHEMICAL INDUSTEV — DUISBEEG. 237 

even at 400 to 500® C. They are needed by engineers for the con- 
struction of steam turbines, for the embossing and spraying of 
metal objects -when heated to redness, a process which has lately 
found extensive application. Chemists use these lands of steel 
whenever chemical reactions are carried out at high temperatures 
and pressure, e. g., for the synthesis of ammonia according to Haber's 
process. 

The very latest alloy has now been patented and is being manu- 
factured by Krupp for the construction of safety vaults and safes. 
This steel can neither be drilled iror exploded, nor can it be cut by 
the oxyhydrogen flame. 

Two samples of steel are exhibited, one of ordhiary steel in which 
great holes have been cut in five and one-half minutes by ushig an 
oxyhydrogen flame and in six mmutes b}’ an oxyacetylene burner, 
and a specimen of this new alloy which has remained intact after 
bemg treated with the same oxj’-hydrogen and oxyacetylene flames 
for one and one-half hours. Let us hope that on this hard and 
infusible material the scientiflc safe burglar will exercise his noble 
art in vain. 

Mamganese steel . — Of the alloys made with manganese the manga- 
nese steel or hard steel, first produced by Kobert Hadfield, because 
of its great wear is chiefly used for cast-iron parts of disintegrators 
and rails of electric tramwmys. On account of its hai'dness this 
steel is not malleable, but it can be bent in the cold state, and is 
thus veiy safe agahist breaking. It is therefore of much in terest to the 
chemical industry where, in almost all branches, grinding operations 
are carried out. 

Silicon steel . — Finally I wish to refer to alloys of iron and silicon 
which contain IJ to 24 per cent silicon and a high percentage of 
carbon. This steel is excellentl}^ adapted for tools and sprmgs which 
must stand Itigh strain. Since steel alloys containing much silicon, 
although brittle and porous, have proved very stable against acids, 
they are now being used more and more where such a property 
of importance. 

Alloys with about 4 per cent siheon, but very poor in caihon, are 
of greater value than the above. Robert Hadfield first pointed out 
the importance of this alloy, whilst Krupp, working in comiection 
with Capito and Klein, a firm of fine-plate rollers in the Rhineland, 
considerably improved it and introduced it for electric purposes. 
It is employed in large quantities in the form of sheets of 0.35 milli- 
meter hi-cb) thiclmess for the construction of djmamos, alternate- 
current motors, and transformers. In Germany alone the consump- 
tion of this alloy already amounts to 8,000 tons a year. Tliis material 
has a resistairce to electricity four or fi.ve times greater than that 
of ordinary iron and loses only half as many watts, so that the inju- 
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rious Foucault currents are reduced to a minimum. The manu- 
facture of transformers has therefore become much cheaper, for the 
propoi'tion between iron and copper is much more economical. The 
production of tiiis siheon iron alloy, wth its very low percentage of 
carbon, and that of tJic chrome nickel steels, almost free from carbon, 
became possible only after silicon and chrome, entirely free from 
carbon, could 1 )g manufactured l>y electric smelting processes. 

Electro-sieel . — Since the electric smelting furnace, has come into 
use in the steel mdustry the problem of removing sulphur, which 
engaged the attention of chemists for so many years, has been solved. 
It has been found that the electric furnace process produces a slag 
free from metal, and such a slag is the prime requisite for the com- 
plete desulphurmg of the steel bath. 

Electroliftic iron . — Superior to the siheon steel, poor in carbon, 
in its electric properties is the “Ideal” metal for electromagnets 
— the pure electrolytic iron — first produced bj’’ Franz Fischer, of 
Charlottenhurg, and now manufactured by the firm Langbein- 
Pfanhauser & Co., Leipzig. Formerly it was impossible to produce 
it free fiom hydrogen, consequently it was hard and brittle and was 
not malleable. Only by electrolyzing at 100° to 120° C., and em- 
ploying an iron salt solution mixed with hygroscopic salts, such as 
calcium cliloride, the iron became free from hydrogen. Its hard- 
ness then sinks far below that of silver and gold and is not much 
greater than that of aluminium. It possesses the valuable property 
of becoming magnetic more quickiy than ordmar^' iron, containing 
carbon or silicon, and also of again losing its magnetism more readily, 
thus eonsiderab]\' increasing the efficiency of electromotors, for 
wliich it i.s used. Amongst the exhibits you will find sever.al objects 
made of this electrolytic iron; for example, a cathode made from 
an electrolytic iron plate during five days of uninterrupted opera- 
tion; also plates made by rolHng; further a motor which, if con- 
structed of silicon iron, would furnish 0.5 hoi’sepow'er, hut being 
composed of electrolytic icon, though in use lor several months 
without appreciable signs of wear, it now furnishes 1.3 horsepower, 
in other words, it is two and one-half times as efficient 

With all these new materials at our disposal, among which I 
must also mention copper, with 10 per cent shioon, and copper 
nickel, we shall surely be able to improve all sorts of chemical ap- 
parati^ that suffer so much from wmar and tear. 

After this short invasion of the domain of metallurgy, we shall 
now turn our attention to the chemical industrj' proper, fii'st deal- 
ing with the manufacture of inoi'ganic substances, the heavy 
chemicals. 


> See Zeitscluritt Xur Eleetroohenue, No. 16, 1909. 
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SULPHURIC AOII). 

The triimiplial progress of the contact process for the manufacture 
of sulphuric acid in the United States scarcely has its parallel in 
Germany, where it originated. Platinum, in spite of the fact that 
its price has increased tlireefold, is still our principal contact agent. 
As it is possible to cany out other contact processes with various 
contact materials, we shall certainly find olner agents than plati- 
num available for sulphuric acid anhydride. It ought tlierefoi'e to 
be a fruitful field for research to find cheap substitutes for plati- 
num. The iUnericans in the 20 years that have elapsed since 
Elnietsch first successfully carried out the contaci process, have 
increased their output tlireefold for the same w'eight of platinum. 
Nevertheless, the old lead-chamber process still competes with the 
new' method, and the steady improvement of this process and the 
purity of the resultmg acid must be acknowledged. In fact, iho 
lead-chamber process promises to make further progress in the 
future hi view' of the success of Falding’s high chambers and Opls 
tow'ers, in W'hich large quantities of acid flow down. 

The Gaillard tow'er is supreme for concentration and recovery 
of the acid and for the regeneration of the various waste acids. 

AMMONIUM SULPHATE. 

A new' way of manufacturing sulpuhric acid, together with am- 
monia, from the gases W'hich are produced by' the dry distillation of 
coal, is looming above the horizon. Bm'khoiser is seeking, with 
the aid of especially prepared wet iron compounds, to bind the 
sulphur, simultaneously' absorbing cyan, and to convert tho ammo- 
nium sulphite thus produced into ammonium sulphate by' oxidation 
with atmospheric air. 

In competition with Burkheiser, Walter Feld is endeavoring to 
recover sulphur directly as ammonium sulphate by a series of inter- 
esting reactions, in which thiosulphates play an important part. 
Such plants are in operation in Konigsberg and here in New York. 

NITROGEN COMPOUNDS. 

So much has been written concerning the progress made in the last 
five years in the utilization of atmospheric nitrogen that I need not 
enter into a description of Birkeland-Eyde’s, Schonherr’s or Pauling's 
process for the direct oxidation of nitrogen by means of the electrical 
discharge, nor of Frank-Caro’s method of forming cy'anamide from 
carbides [the world production of cyanamide is, according to Dr. N. 
Caro, 120,000 tons per year, of which 31,000 tons are manufactured 
in Germany (16,000 in Trostberg and 15,000 in Knapsack near 
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wMch must be converted into marketable tin by costly smelting 
operations, the new process yields an anhydrous tin chloride, which 
is used in large quantities for weighting silk. The detinning with 
chlorine is not carried out with cuttings, as in the electroljhic process, 
but with waste pressed in hard packages, so that 20 times as much 
material can be treated in the apparatus at the same time. In the 
Ihiited States this process is operated by the Goldschmidt Detinning 
Co. of New York. 

REDtJCING AND OXIDIZING AGENTS. 

One of the most brilliant successes in applied chemistry has been 
achieved by the persevering experiments of some chemists vnth a 
long-neglected substance, the constitution of which had never been 
properly understood. The old hydrosulphite of Sohutzenherger, 
rendered stable and easily transportable in powder form as an anhy- 
drous sodium salt or as rongalite in combination with formaldehyde, 
has now become a most important article of commerce. It is chiefly 
used in vat dyeing and for reducing purposes in general, such as 
stripping dyed fabrics and as decrolin for bleaching sugar. 

FEROXID OP HTDEOGEN, PERSULPHATE, AND PERBORATES. 

Peroxid of Iwdrogen and its derivatives at present find less favor 
in commerce, although their future appears to be very brilliant. 
Recently the Farbenfabriken vorm. Friedr. Bayer & Co. succeeded 
in rendering this important oxidizing agent, which easily decomposes 
and which can be marketed wnth difficulty only in watery solution, 
solid and stable by the addition of urea. 

This powder is in the market under the name of Ortizon, but on 
account of its relatively high cost it is intended not so much for 
technical as for hygienic and pharmaceutical purposes. 

The interesting manufacture of sodium peroxid from sodium 
and the many scientific investigations of the persaits, have not 
beep followed by great commercial success. The persulphate and 
perborate, however, the latter under the name of “Persil,’’ are being 
manufactured on a large scale. The reason of this failure seems to 
be the high cost of production. 

RARE METALS. 

The most interesting alloys discovered by Muthmann and Auer 
have found little application in the arts, and the use of cerium and 
thorium preparations is still confined to the incandescent gaslight 
industry. Only the “Auermetal,” consisting of 35 per cent iron 
and 65 per cent cerium, is employed and this only to a, limited 
extent for the manufacture of pocket cigar lighters. 
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In tlie metal filament lamp industry, tungsten, which shows the 
highest melting point of ail metals, namely 3,100°, has replaced 
tantalum, which melts at about 2,300°. This became possible 
only after successful experiments to render the metal ductile by 
hammermg. 

The elements cadmium, selenium, and tellurium are obtained in 
great ciuantitics as by-products; the first is produced in the zinc 
mdustry, the other t^\'o from the Tellur gold ores which are found 
in Cripple Creek, Colo. Although they are sold at relatively low 
prices the}- thid hut little use in the industries. 

ARTIFICIAL PRECIOrS STOXES. 

Finally, I will, in but a few words, touch upon a new industry, 
viz, the synthetic manufacture of precious stones from alumina with 
additions of chrome oxide, iron oxide, or titanic acid. Artificial 
rubies and white, yellow, and blue sapphires, which can not be dis- 
tinguished from natural stones, are being manufactured in great 
quantities hi Paris and recently also by the Electrochemische Werko, 
Bitterfeld. They are used extensively for jewelry and especially as 
bearings in watches and measuring instruments. 

All this will give you a striking picture of the development of inor- 
ganic chemistry, which is taking a more and more important position 
beside organic chemistrjL 

APPLIED ORGANIC CHEMISTRY. 

In the organic chemical industry’ the reactions are considerably 
more complicated and the apparatus mostly smaUor than in the 
inorganic industry. Here the chemist, like a Juggler with his balls, 
gives every atom a definite position in the many thousand combina- 
tions which carbon forms with h 3 ’-drogen, oxygen, nitrogen, and sul- 
phur, and tlu're exist the most varied reactions and processes which 
ma^' lead to the same result. This chemistry of the carbon com- 
pounds has been most W'onderfully perfected in the coal-tar color 
indusriy, and in oveiy factory of this branch there are hundreds of 
scientificaih' trained chemists always experimenting and daily finding 
new combinations posscssmg properties of technical value. Before 
these products become finished articles to be sold as colors, perfumes, 
or pharmaceutical preparations they must further go through a series 
of numerous intermediary operations, which finally lead to the mar- 
ketable chemicals, 

COAL TAR. 

The starting material of the important coal-tar color industry is 
the black tar which is obtained by the dry distillation of coal and is 
known to contain about 150 different chemical products, of which, 
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aside from carbolic acid, the aromatic, hydrocarbons, benzole and its 
homologuos, toluol and xylol, naphtalone and anthracene, play the 
greatest part. 

More recently carbazol has been isolated from tar on a large scale 
and has become a most important raw material for the manufacture 
of the color “hydronblue” by Leopold Cassolla & Co., Frankfort on 
the Main. Ilydronblue is a sulphur dyestuff distinguished ])y its fast- 
ness against washing and chlorine. Acenaphthen, which also occurs 
in coal tar as such, is the starting material of a red A*at dye “cibanon- 
red,” discovered by the Society of Chemical Industry in Basle. It is 
to be regretted that hitherto no technical use has been found for 
phenanthrene, which is also one of the constituents of tar. 

Besides carbolic acid, its homologues, the various cresols, etc., are 
being isolated by Dr. F. Bascliig in Ludwigsliafen on the Rhine. 
These substances are largely employed in the manufacture of explo- 
sives and coloring matters. 

As long as coal gas is produced for illuminating and heating purposes 
and as long as coke must be used for the reduction of iron ores, tar 
will always remain the cheapest raw material for the manufacture of 
these h 3 nIrocarbons. But since it may become necessary in the 
future — as is already possible to-day — to use coal in a more rational 
way, at the same time produemg hydrocarbons, the coal-tar color 
industry need not fear a scarcity’ of this important raw material, the 
loss so as certam kinds of petroleum, o. g., Borneo petroleum, contain 
large quantities of aromatic hjMrocarbons from, which the Rheinische 
Benzinwerke, in Reisholz near Dusseidorf, has alroadA- isolated 
toluene hi the fomi of nitro-tohiene in a commercial wajn If, how- 
ever, a still greater demand for these hydrocarbons should occur, other 
methods of obtainmg them must be found. We shall then surely 
succeed in producing them synthetically either directly from the 
elements carbon and hydrogen or hidirectly from carbide of calcium 
by passing acetylene tlii’ough glowing tubes — a reaction which was- 
already carried out successfullj^ in the early sixties of the last centuiy 
by Berthclot and ivcently by Richard Meyer. At the present time 
about one-quarter of Germany’s annual output of coal is converted 
into coke, viz, 20 per cent for foundry purposes and 4 per cent in gas 
works, whilst in England the quantities are 12 per cent and 6 per 
cent, respectively. 

DISTILLATION OF TAH. 

The point of greatest importance in the distillation of tar is still the 
separation and isolation, in the cheapest possible 'way, of the different 
hydrocarbons in. tiieh purest form. The stiUs have been continually 
enlarged, those empioj^ed to-daj^ having a capacity of 60,000 to 
80,000 liters (13,000 to 17,500 gallons). Gn the other hand, a con- 
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tinuous process, sucli as is possible in the bituminous coal-tar industryj 
has not yet been found. A large number of patents have been taken 
out for apparatus mtended to solve this problem, but none of them 
have proved satisfactory in practice. 

OROANIC INTERMEDIATE PRODUCTS. 

The conversion of the aromatic hydrocarbons into intermediate 
products necessary for the color industry is almost always carried out 
by treatment with concentrated sulphuric and nitric acid and subse- 
quent reduction of the tiiiis obtamed nitrocompound by means of 
metals, metalous oxids, and metal sulphides. In the production of 
ammes, iron is the principal agent of reduction, wliiie zinc and tin are 
mostly used in the production of azo compounds. The electrolytic 
reduction has not proved useful fur these processes. 

The methods of producing nitro and amido compounds have been 
very little changed as far as chemical operations are concerned, but 
with tJie increase of then’ production their poisonous properties became 
more and more apparent and forced the manufacturer to modify the 
processes so that they could be (jarried out in tightly^ closed vessels in 
order to protect the life and health of the workmen. 

In GeiTnany legislation has been recently enacted, based on the 
experience of the individual factories, wliich lays dovm rules and 
regulations for strict observance. 

Several trinitro compounds have been shovm to be good explosives, 
and, lUve trinitrotoluene, ai’e now largely employ^ed as substitutes of 
picric aicd in the manufacture of explosives. 

The introduction of oxy groups into the molecule is mostly brought 
about by molting sulpho acids with alkalies, and, according to more 
recent methods, with alkahne-earth metals, such as calcium and 
barium hydrate. Since chlorine, jiroduced electrolytically, is obtain- 
able in imhmited quantities and chemically pure, chlorme substitution 
derivatives of tJie hydrocarbons have been employed for all lands of 
symthetical purposes. Many of these chlorme derivatives can not only 
bo converted hito oxy-derivatives by melthig with alka]ie.s, but, lilte 
paranitro-chlorbenzole, they also directly exchange their chlorine for 
an amido group when treated ivith ammonia or its derivatives. Colors 
also often change their shade when a halogen atom is introduced mto 
their molecule and acquire more valuable properties. Chlorine has 
therefore proved exceedingly useful in the preparation of intermediate 
products and ■vv’ill imdoubtedly become of still greater service in the 
future. 

In the naphthalene series the method discovered by Bucherer 
and Ixpetit for the conversion of the hydroxjd group into the 
amido group and vice versa, employing sulphurous acid esters, 
has' proved of great practical value. Phosgene, too, is to-day 
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being more and more emploj^ed. Several decades ago it became 
an important substance for tlie ])roduction of tbe urea of para- 
amidobenzoiazo-salicyiic acid, introduced into the market under 
tbe name of “cotton yellow,” as a beautiful yello'v cotto}i color 
of great fastness to light. It’s principal use, bowever, was for tbe 
manufacture of tbe bright Imt fugitive Iripbenylnietbanc colors. 
It is now especially used to combine two molecules of aromatic com- 
pounds vdtb free amido groups, thus ])roducing urea dci'ivatives, 
and if tbe sturtmg material is an azo color, the resultbig urea deriva- 
tive is, as a rule, much faster to light than tbe origbial color. Imi- 
dazol, tbiazol, and azimido compounds of the most varied kinds are 
also manufactured and converted into azo colors. 

In the series of tbe aldebj’des and carboxylic acids there are no 
epocb-maldng discoveries to be recorded, Cliemists still start from 
hydrocarbons cldormated in tbe side ebam or directly oxidize tbe 
homologues of benzole. Klobe’s synthesis of salicylic acid, of winch 
bu'ge quantities are used in tbe color industry, is also appbed at an 
ever-increasing rate for the production of tbe oxycarboxyiic acids. 
But tbe direct introduction of tbe carboxylic group mto the benzole 
molecule, unsubstituted by hydroxyl, is a greatly desired acloieve- 
inent, which, bowever, has not yet been attamed. It is also a matter 
of greatest importance that in substitution reactions of the aromatic 
nucleus we should be able to vary at will tbe ratio of the isomers 
to be formed. 

Besides the biochemical production of etbylic alcohol from v'ood 
waste and from the Vv'aste liquors of tbe sulphite cellulose bidustrj-, 
I ‘wish to mention the synthesis of organic compounds In- the addi- 
tion of water to acetylene. In this manner we produce in a simple 
way acetaldehyde, v/bicb can be easilj converted into acetic acid, 
a ver}^ important startmg material for the manufacture of numerous 
products. 

The steady search for new raw materials and new bitermediat© 
products to be utilized in tbe manufacture of colors has often been 
crovmed with success. "We need only to recall tbe many interme- 
diate products which have been made available for the pi*oduction 
of the vat dyes and sulphur colors and which have led to the dis- 
covery of new substances with most valuable properties. Very often 
new Imes of research are not always based upon preconceived theo- 
retical ideas, but are opened up bj’' mere accident. X keen power of 
observation, however, is tbe most necessary equipment of tbe chemist 
who aims at success. 


COAL-TAR COLORS. 

In no branch of technical chemistry has such intense work been 
performed as in that of the coal-tar color industry. The outsider long 
85360°— sii 1012 n 
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ago maj' liare thought that so much had been accomplished in this 
field that nothing more vras left to be done. The countless dyestuffs, 
ghdiig all the colors of the rainbow, might t\‘eli liave given lise to the 
belief that there was already a sur]'/lus. But here tlie course of 
events was just as it generally is in life. With growing possessions, 
man’s needs and demands also niultiply. '^Tliile jteople were formerly 
content to produce v.dth coal-tar colors cvory possible shade in 
undreamt-of brightness in the simplest way, they gradually began to 
make more and more exacting demands as regards fastness. Kot 
onl}' must materials to be dyed be a jdeasing shade, but they also 
must be fast to washing and light. Thus new, alluring problems 
were submitted to the color chemist, and his indefatigable efforts have 
already carried him a long way toward the desired end. Strange 
to say, amongst the public you will freciuently meet the view that 
artificial colors do not give fast ch’-eings. This is a decided error 
which can not be too emphatically contradicted. To-day we can 
produce almost any shade vith any desired degree of fastness on any 
land of material, whether it be W'ool, cotton, sUk, or paper. If the 
d3''er does not always produce such shades it is the fault of the trade 
which does not express its demands forcibly enough. Of course, the 
dyeing with fast colors entails a somewhat greater expense which 
must natural!}- be borne by the consumer. 

Just at this point, before discussing the progress made in the 
manufacture of fast eolom and in order to prevent misunderstand- 
ing, I should like to emphasize the fact that the old colors, though 
not as fast as those more I'ecentl}^ discovered and though perhaps 
quite fugitive in some respects, still have a right to exist. It would 
bo quite foolish to dye certain kinds of paper intended to be in 
use for only a verj- short time with colors absolutely fast to light, 
or to dye cloth never to be washed with expensive colors fast to 
washing, or, again, to treat lining, w-hich is but slightly exposed to 
siuilight, in the same way as materials w-hich must be exceedingly 
fast to light. Everything according to reason. For many purposes, 
however, the need for shades fast to light or to both light and wash- 
ing is so great that it must be given eveiy consideration. How 
mortifying it must be to notice shortlj^ after jmu have decorated the 
W’aUs of your home with most beautiful and expensive materials, that 
the lovely colore daily grow- more unsightly, and to see a soiitary 
patch showing up in all its pristine glory amidst a faded background 
when a picture or other piece of furniture is moved to another place. 
As it is possible to guard oumelves against such occurrences, we 
should certainly do so. To-day we are able to produce the most 
beautiful colored wall coverings, whether of paper or of woven or 
printed fabrics, to meet every requirement in regard to fastness. 
This is proved by the large collection of all kinds of wmolen and' 
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cotton fabrics (after washing and exposure to light 1 and especially 
of wall papers, of caipiets, rubber material, and Ixalloon coverings, 
which the different firms of the German color and dA’cmt? industry 
have placed at my disposal for exhibition. 

If you now inepuro how cheniisis have been able to make such 
great progress, my only answer is by logical .and imtirjig efforts 
along Avell-known ways, nndaunted by failures, and lny diligent r\' fol- 
lowing any track, however faint, that gave promise of advance. 

In every branch of the color industry these mctliods have led to 
faster and ever faster dyestuffs, from the multicolored hc-iszidino 
colom, described as fugitive to light and not stable to wasiiing, to 
the anthraquinone colors and the uidigoid vat dr'cs. In all these 
classes w’e have gradually learned to recognize certain regulaiities 
and to accomplish certain results by s_ystematicoi!y grouping tlie 
components and fixing the position of the substituting groups, and 
thus we have succeeded in increasing the fastness to light of the. 
hidividual chemical according to a preconceived jrlan. 

IXDKJOID COLORS. 

The synthetic production of colors allied to indigo was stimulated 
by the successful synthesis of indigo which almost entirely di.sp]accd 
natural indigo and called the attention of both chemists and <'onsumf r 
in an increased measure to the advantages of vat dyeing. The king 
of drmstufi's, indigo, now finds itself in the company of a whole scries 
of other colors, the bromc indigos, the thio indigos, and alizarine 
indigos, the shades ranging from blue to red, violet, gray, and black. 
Even the ‘‘purple” of the ancients has been reproduced by Paul 
Friedlaender, who, by isolating the dyeing principle found in certain 
glands of the purple snail living in the Iilediterrancan, has demon- 
strated the fact that this natural color is identical with a dibrom 
indigo which had been long before produced synthetically. These 
indigoid colors possess the same, if not better, properties as indigo 
itself. 

ALIZARINE COLORS. 

The fastness of the alizarine colors, e. g., alizarine red, used for 
Turkey red, was well kno-wn in ancient times. But, vdmroas formerly 
only mordant colors were considered to be fast, and consequently 
only these were looked for in the anthraquinone group, wliich led to 
the discovery of alizarine orange, brown, and blue, and the alizarine 
cyanines, Robert E. Schmidt, in 1894 to 1897, succeeded in finding 
acid-dyeing anthraquinone colors which dye every shade, rivaling 
the old and weU-known triphenylmetbanes in brightness and sim^ 
plicity of application and the alizarine mordant colors in their extra- 
ordinary fastness to light. I merety mention aMzai-ine, cyanine 
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gi’een, alizarine sky-bhie, antliraquinone blue, and alizarine sapphn’ole, 
astrol, irisol, and rubinol. Tlicii’ fastness to light is so excellent 
that in the -famous '‘Manufacture Xationalo du gobelins” in Paris, 
they ha,ve replacoil the older dycst uti's for the dyeing of wool used 
in the manufacture of gobelins. Tiiis means a gi-oat ileal if it be 
borne in mind that a square meter of these gobelins, for the produc- 
tion of which an operator needs more than a year, costs, on the 
average, about 6,000 francs. 


INDANTHEENE AND ALGOLE COLORS. 

An entireh' new era began for the alizarine series when Rene Bohn 
in 1901 found that his new color, indanthrene, could be used as a 
vat dye for cotton. This color can be dyed in its reduced state like 
indigo, but is far superior to the latter in beauty and brightness of 
shade, as well as in fastness to washing and light. Indeed, the 
fastness to light is so great in tliis respect it must be termed 
indestructible. 

On account of this phenomenal fastness, indantlirene blue caused 
chemists to look for other vat colors in the antliraquinone series. 
Them efforts did not remain unrewarded, and we already possess 
colors of this class giving every possible shade. The Badische Anilin 
and Soda Fabrik sell them under the name of “indanthrene colors,” 
the Farbenfabriken vorm. Friedr. Bayer & Co. under the name 
“algole colors.” Chemically most of these vat colors belong to the 
indanthrene tj’pe; some of them are still more complicated nuclear 
products of condensation of several anthraquinone molecules ; others, 
again, rea di- and tri- antliraquinonylamines. It must also be noted 
that to the greatest surprise of all experts in this branch, it was dis- 
covered in the laboratory of the Faibenfabriken vorm. Friedr. Bayer 
& Co., that even some of the simplest acyl derivatives (-benzoyl) of 
the aminoanthraquinones are excellent vat colors. 

LAKE COLORS. 

We must not leave out of sight the importance of some colors of 
the anUine group and especially the anthraquinone group for the 
production of lakes for paints and pigment colors for wall paper. 
The alumina lake of alizarine, the so-called madder lake, with its 
fine shade and great fastness to light, is best known. Other alizarine 
colors also yield valuable alumina lakes; thus, alizarine sapphirole 
gives a blue lake of excellent fastness to light. But it is not always 
nece^ary to precipitate lakes. Some of the- difficultly soluble vat 
colors may be directly employed in a finely divided form. Thus 
indanthrene and algole blue already play important rdles as substi- 
tutes for ultramarine for bluing higher class paper, textiles, and even 
sugar. 
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The derelopment of the anthracene colei's, aside fToni the tinetoml 
progress, brought about remarkable results in pure chemical research, 
for example, the peculiar action of boric acid and the catalytic action 
of quicksilver in the sulphouation processes of anthraqumone. 

But in tills branch of our science as well there is still much room 
for development, ifany problems remain unsolved and new ones are 
continually arising. To satisfy the demand of the dyer many dye- 
stuffs must still bo synthelized. 

The ceaseless efforts of tlie color chemist will midoubtedly bring 
us farther and farther along this road, and complaints about the 
insuHicicnt fastness of dj-ed materials will be silenced at last. If this 
goal is to be reached, it is absolutely necessary for the consumer to 
support the manufacturer, and I take tins opportunity to state that 
in the United States of America these fast colom are to-day more 
generally used and foimd recognition and widespread application 
hero earlier than in any other country. 

PHARMACEUTICAL CHEMISTRY. 

I will now deal with the progress and pi’oblems of tlie pharmaceu- 
tical industry in the synthetic production of medicinal drugs. Tiiis 
industry is the youngest daughter of the coal-tar industry, and it is 
not long since she celebrated her twenty-fifth annivei-sary. Those 
Avho, like mj^self, had the good fortune to stand at her cradle when 
Ludwig Knorr discovered antipyrin and to guide her fii'st tottering 
steps at the time phenacetin and sulphonal were brought out must 
look back with a joj’ful heart to this period of splendid growth. 
Much bi'iiliant work has been accomplished, but a vast amount still 
remains to be done. Here we see chemistry and medicine intimately 
bound together, the one dependent upon the other and powerless 
without its aid. What an organization, what boundless intelligence 
is necessary, and what immense energy has to be expended in order 
to discover a new synthetic remedy and to smooth its path through 
the obstacles of commerce! First, we need a fully equipped chemical 
laboratory, then a pharmacological institute with a staff of men 
trained in medicine and chemistry, an abundance of animals to exper- 
iment upon, and, finally — the latest development in this field— a 
chemo-therapeutic and bacteriological department eejuipped accord- 
ing to the ideas of Prof. Ehrlich, these in close connection with one 
another. lYhatever has been evolved and, after much painstaidng 
effort, selected as useful finds its way into the manufacturing depart- 
ment, there to be elaborated in the most minute details and brought 
to the highest possible pitch of perfection. Now begins the arduous 
work of the scientific department. Here the right sponsore must be 
found; here ail prejudices must be brashed aside and an extensive 
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propaganda initiated. ISfext, a liost of clinicians and practitionera 
must be called into requisition, so that what has been evolved in the 
silent workshop will be conducted on a stanch ship into the wide sea 
of publicity. And, finally, it is the calculating salesman’s turn; 
he must bring in enough to cover all the expenses of the innumerable 
experiments that have been -made if the new drug, wliicb has swal- 
lovv od so much money, is to survive and prosper. Truly, all this is a 
task which only too often is misunderstood and insufficiently appreci- 
ated. If, however, a great hit is made — an event almost as rare as 
the Greek calends — then the envious, the patent and trade-mark 
violator, and even the smuggler, cling to our heels and seek to rob us 
of our profits, which, taking everything into consideration, are really 
not large. But despite ail this, and though unfortunately opposed 
by druggists and ph3^sioians even to-daj', the pharmaceutical industry 
serenely pursues its task. For, besides certain economic aims, we also 
have ideals to strive for. We combat systematically' the symptoms 
of disease and are the faithful auxiliaries both of the doctor and the 
harassed nui-se. The agonizing pains of the patient we allay with 
narcotics and anesthetics. When sleep flees the couch of suffering, 
we compel it to return; fever, we banish. We destroy the minute 
organisms which cause and spread diseases. Thus we add to the 
store of what is valuable and perfect what already exists. We also 
isolate the active principles of various drugs and thus assure exact 
dosage and freedom from undesirable or even dangerous by-effects. 

In the chemical v/orks of Germany pure chemical science receives 
its due. In every* branch of inorganic, organic, and physiological- 
biological chemistry we are worldng with an army of scientifically 
trained men. In synthetic chemistiy, brilliant achievements have 
fallen to our share. .Quite recent!}^ Stolz succeeded in building up 
adrenalhi,^ Decker in making hyffirastinm, and Emil Fischer and 
Wilhelm Traube in producing purin bases. AH of these are magnifi- 
cent accomplishments, and many’' of them have been effected in the 
laboratories of the industry. 

That even y’-et, as at the begimfing — the antifebrin period — ^w© 
must trust to chance is shown by the discovery of atophan, the latest 
valuable antiarthiitic, which is due to a fortunate accidental observa- 
tion. In the subject of the old ergot problem, research work is 
gradually bringing more light and makes the possibility* of syntheti- 
cally producing a substitute a thing of the near future. The publi- 
cations on this subject show that hemostatic alkaloids possess a com- 
paratively simple constitution. That sedatives have their, place in 

1 1 kilogram adreaalia, whieh is now prepared sjnitlietically, and has been intiodueed under the name of 
‘'suprerrmin” by the Tarbwerko of Hoxiist, requires for its production the adrenal glands of 40,000 oxen. 
This product, as •well as numerous other glandular preparations, is no'wadays manufacturad by the large 
Aittsriean slaughterhouses themselves. 
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ail age when neiwous disorders are so common is not to be wondered 
at. I need merely remind you of the new adalm which has proved 
exceedingly useful. Recentl}^ Emil Fischer, the master of chemical 
research to whom the pharmaceutical industry is indebted for the 
synthetic piirin bases, viz, calfein, theobromine, and theocin, as well 
as the valued remedies, veronal and sajodm, has succeeded, after long 
and fruitless labors, in elucidating the constitution of tannin and 
producing it sjuitheticalljn lie has thus proved that it might be 
possible to manufacture tanning agents of all khids artificialii' and 
has opened up a new and promishig field for research. 

CHEMOTHERAPY . 

But a short while ago Ehrlich drew attention to another promising 
branch of pharmaceutical-medical chemistry, viz, the treatment of 
infectious diseases by chemical means. After many years’ arduous 
labor and after many thousand experhnents on different animals this 
master of medicine and chemistry succeeded in demonstrating that it 
is possible to produce chemical substances which ivill kill the parasites 
in the human body without injuring their host and that this action 
is a function of the chemical constitution. The new science, with its 
magical bullets directed only agamst the injurious organisms in the 
body, but not affecting its cells, pursued its course from amhiophenyl- 
arsinic acid (atoxyl) to diaminooxtmrsenobenzole (salvarsan). Thus 
a new synthetic preparation, an arsenic compound, is added to the old 
and highly effective remedies, mercury, quinine, and salicjdic acid. 
It is certain that we are here only at the beginning of a new develop- 
ment. Wo know ah'eady that we are able to combat not only 
spirochetes but also hacteiial diseases like tuberculosis. Even 
carcmoma and sarcoma, those gro’tvths so clcstioictive to humanity, 
whose cause is, however, not yet understood, csm probably be influ- 
enced in a like mamier by means of selenium compounds, as fi^rst 
pointed out by Emil Fischer. But w’ere we to learn to cure diseases 
due to trypanosomes and plasmodia, what a great work we should 
have accomplished in the interest of humanity and social economj’', 
for it is in the most fnutful lands indeed that these diseases, malaria 
and sleeping sickness, are to be found, and man and beast are rath- 
lessly destroyed by them. Neither salvarsan nor atoxyl are of 
service here, and therefore other hitherto unknown remedies must be 
found. 

Wbile the treatment of syplrilis, with its terrible consequences, is 
still imperfect in spite of mercury and salvarsan, let us hope that the 
systematic experiments carried out in the laboratory TOth the in- 
numerable products which chemistry is able to produce from mercury 
and from arsenic will finally lead to complete success. 
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SYNTHETIC PEEFTJ51ES. 

In the perfume industry the developments made since the scent of 
the \dolct was hnitatcd with jonon, and smce the successful synthesis 
of camphor from turpentine, are not of such nature that we need to 
deal with them at great length. The importance of this industry 
appears from its yearly tuniover of 45 to 50 million marks (10 to 12 
miliion dollars). Here the efforts of the chemists are directed toward 
determining the constitution of the complex and simple natural per- 
fumes, isolathig the various products of decomposition obtained dur- 
ing the investigation, and finally reproducing the natural perfumes 
synthetically. Such results have already been achieved in the case 
of the odor of the rose, lily of the valley, and violet. Very often 
certain substances are needed in the compounding of perfumes which 
like indole possess anytliing but a pleasant smell. 

AETIFICIAL SILK. 

Even if doubt bo expressed as to whether artificial silk (the yearly 
consumption of which amounts to about 7,000,000 kilograms) still 
belongs to the chemical industry because it stands in such close rela- 
tion to the textile industry, with its weaving and spinning machmes, 
yet the raw materials needed for its production, such as nitrocellu- 
lose, copper ammonia cellulose, and cellulose-xantogenate, are of such 
importance that the chemist and engineer equally divide the respon- 
sibility in this branch of manufacture. Viscose silk from xantogenate 
of cellulose, the production of which has been recently very much 
improved, seems to replace nitrocellulose silk and the copper am- 
monia silk. This viscose silk surpasses all other artificial sillis in 
luster and is the cheapest to manufacture, so that the apparently 
simplest process of all, the copper ammonia cellulose silk, can not 
compete with it any more. Among the exhibits are fine specimens 
of this silk from the Vereinigten Glanzstofffabriken of Elberfeld and 
their factory in Oberbruch in Dremmen near Aix-la-ChapeUe, includ- 
ing the various raw mateiials, wood, cellulose, alkali cellulose, and the 
cellulose xantogenates produced by treatment with bisulphide of car- 
bon and the viscose solution itself. 

ACETYLCELLULOSE — CELLIT FILMS. 

From acetylcellulose soluble in aceton, called cellit, the Farben- 
fabriken vomr. Friech\ Bayer & Co. first produced cinematograph films, 
but although they have the great advantage over those manufactured 
from nitroceEulose in being noninflammable, it has not been possible 
to introduce them generally. In all their properties the cellit films 
are equal to the old inflammable ones, yet the proprietors of moving- 
picture theaters do not take them up because they fear the compe- 
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tition of the schools and the homo where the cellit films would be 
largely used on account of their nonmfiammability. The only help 
then vrould be such action by those in authority as to make it diffi- 
cult to employ i n flammable films and to facilitate the use of cellit 
films. There are pi“ospects of such legislation at least in Germany, 
which would put an end to cinematograph fires with their great danger 
to life and property. 

NOXINFLAMMABLE CELLULOIU (CELLOX). 

The problem of manufacturing noniuflammablo celluloid by mix- 
ing cellit v,nth suitable camphor substitutes which burn diflicuitly or 
not at all may bo considered as definitely solved. Eichongriux hits 
simplified the manufacture to an oxtraordinaiy extent by showing 
that certain acetylcelluloses niay be gelatinized in the same way as 
nitrocellulose. As is well known, nitrocellulose \viih camphor in the 
presence of a solvent yields a so-called solid solution, and oven in 
the dried state may be easily cut or formed into sticks, tubes, or 
tlrreads. Cellit -when treated in exactly the same xvay with appro- 
priate camphor substitutes, can be converted into “cellon,” the non- 
inflanunable substitute for celluloid. Single bloclcs weighing 200 
pounds are already produced on a large scale which film celluloid 
can be sawed, cut, and polished; when heated can bo prossecl or bent; 
and when subjected to steam at a high temperature can bo di’awn 
and molded. Compared with celluloid, ceUon has the advantage of 
being more elastic, soft, and ductile. It is therefore frequently used 
as a substitute for hard rubber, gutta percha, leather, etc. Cellon, 
in the form of a higlrly viscous, shup-lilvo solution, may be employed 
for coating fabrics, wood, paper, metal, etc., vith a thick, enainei- 
like uniform and pliable surface. Thus, patent leather, artificial 
leather, insulators, balloon covers, etc., may be jn-oduced. In France 
this varnish is already employed for enameling aeroplanes. Objects 
made of this novel and widely useful material are to be found among 
the exhibits being manufactured by the Rheinisch-Westfalische 
Sprengstoff Actien Gesellschaft in Cologne and the Soci5t4 Indus- 
trielle de Celluloid in Paris. 


ETJBBEE. 

Finally, I will refer to one of the greatest successes and yet one of 
the most difficult problems of the chemical industry, viz, the pro- 
duction of synthetic rubber. I am proud of the fact that its pro- 
duction was successfully accomplished in the worlcs which are under 
my management, and that I was able to foUow every stage of this 
important discovery. Perhaps you would be interested to bear, 
although it is getting late, how the whole thing happened, especially 
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as mucli that is iiutrue and misleading lias appeared iu the press 
during the last few weelcs. 

But &st, a few words about natural rubber. The Old World owes 
its knowledge of this substance to the Xew, This wonderful product 
became known in Europe shortly after Columbus discovered Amer- 
ica. If I, coming from across the ocean, now bring you this colloid 
prepared there synthetically, I merely repay part of the debt which 
we owe America. 

Hardly a generation ago, the southern part of this great American 
continent furnished the whole supply’ of the different lands of rubber. 
Since then extensive plantations of rubber trees have been established 
in various tropical countries, and thoir yield has grown so enormously 
that the old home of wild rubber will soon be thrust into the back- 
ground. This is a matter v/liich involves many millions; conse- 
quently a veiy serious economical problem confronts South America. 

You all know that caoutchouc is made from the milliy sap of 
numerous species of trees and shrubs and the gi-otesquely formed 
lianas by various coagulation processes, and that this product, on 
being suitably treated with sulphur or sulphur compounds, i. e., by 
vulcanization, acquires its valuable and characteristic properties. 
The synthetic method took quite a different route. B}-" breakmg up 
the veiy complex molecule which rubber doubtless possesses, by 
pyrogenetic processes, i. e., by dry distillation, a veritable maze of 
all kinds of gases, oils, and resins was obtained, as well as a colorless 
fluid resembling benzine, to which the investigators gave the name 
‘risoprene.” It was Bouchardat who first expressed the belief that 
this isoprene, which is obtained in veiy small quantities and in an 
impure form by the dry distillation of caoutchouc, might be closely 
and intimately related to caoutchouc itself. This important question 
was then eagerly discussed for several decades by the scientists of all 
countries, and opinions were sharply divided. 

As far back as the eighties, Tilden claimed to have prepared arti- 
ficial rubber from isoprene by treatment with hydrochloric acid and 
nitrous acid. But neither Tilden nor his assistants, though they 
worked strenuously for years, succeeded in repeating the experi- 
ments, Moreover, numerous other investigators, among them our 
chemists, were unable to confirm the results. In 1894 Tilden found, 
however, that that isoprene which he had prepared about 10 years 
before, on standing, had partially polymerized into rubber. In this 
way Tilden, in fact, was the first discoverer of synthetic rubber. But 
this method which time has not yet permitted to repeat is obviously 
not a commercial one. Dr. Eritz Hofmann of the Farhenfabriken 
vorm. Friedr. Bayer & Co. is to be regarded as the real inventor of 
synthetic rubber, for, by the application of heat, he succeeded, as the 
first, in August, 1909, in polymerizing the isoprene molecules com- 
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pletely into the complex rubber molecule on a technical scale. Some- 
what later Hanies invented independent^ another method of arriv- 
ing at the same result. Everyone is now in a position to repeat this 
exceedingly simple experiment himself, but in order to confirm Hof- 
mann’s results, it is necessary to employ pure isoprene. 

The practical value of this rubber, of wHch many samirles are 
among the exhibits, has been tested by the highest authorities in 
this branch of the industry, wliilst Prof. Karl Harries, whose unre- 
mitting laboi-s extending over many year's, prepared tiro soil for 
Hofmann’s synthesis, has carefully examined the chemical constitu- 
tion of the substance. 

Isoprene belongs to the butadienes. It was therefore to be 
assumed at the start that betamethjdbutadierie would irot hold a 
peculiar and isolated position amoirgst the buttrdiones in general. 
It-was argued that other members of tliis intorestiiig group of hydro- 
carbons would 3 'ieid antilogous and homologous rubber's on being 
heated. In the smithesis of products occurrirrg in natiu'e, there is 
always a possibility of produciirg such variations, and our endeavors 
to find out whether this was true in the case of rubber were crowned 
with success, for to-day several representatives of the new class of 
caoutchoucs possessing different properties are Inrown and are being 
submitted to technical tests. Exact proof of the existence of the 
class of isomeric and homologous caoutchoucs was also first presented 
by Elberfeld. 

To you who hear this account and see these beiiutiful specimens, 
the matter appears very simple, intelligible, and clear. In reality, 
however, it was not so. The difficulties which have been overcome 
wei’e great indeed and those wliich still remain to be surmounted, in 
order to produce a substaiico equal to p-ara caoutchouc in quality 
and capable of competing with cheai> plantation rubber costing only 
2 marlcs per kilo, ai'e still greater. But such difficulties do not in- 
timidate the chemist and manufacturer; on the contrary, they spur 
them on to further efforts. The stone is rolling, and W'e will see to it 
that it reaches its destination. The end in view is tliis, that arti- 
ficial rubber may soon play as important a rule in the markets of the 
world as does natural rubber. The consumption of rubber is simply 
enormous. Finished articles to the value of 3 milliard marim 
(8750,000,000) ai'e manufactured every year, and the raw material 
from which they are made, ciilculated at the present market price 
of 12 marks ($3) per kilo, costs 1 milliard marks ($250,000,000). 
Other tasks w'Moh the chemist has on hand shrink into insignificance 
compai'ed with tliis gigantic problem. The laurel wreath will not 
adorn the brow of the wild dreamer but that of the scientist who, 
cool and persevering, pursues his ivay. The seed he sows ripens 
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slowly, and tliough according to tho statements in the press, all this 
is mere child’s play and the problem has bcc^n solved, I leave it to 
your Judgment whether tins is true or not, like much that printer’s 
ink patiently transfers to paper. I am right in the midst of this 
excitement. I have employed articles made of synthetic rubber, 
and for some time I have used automobile tires made of this mate- 
rial. Yet, if you ask me to answer you houesth^ and truly when 
synthetic rubber will bring the milliojis ivhich prophets see in its 
exploitation, I must reply that I do not know. Surely not in the 
immediate future, although synthetic rubber will certainly appear 
on the market in a very short time. But I hope to live long enough 
to see art triumph also here over nature. 

We are now at the end of our Journey. We have flown not only 
over the field of Germany, but also over all other countries where the 
chemical uidustrj^ is cultivated. We have taken a passhig glance at 
the unth'ing strmng for advance, the restless search for the hidden 
and unlcQown, the ceaseless efforts to acquhe more technical luiowl- 
edge as witnessed in the great laboratories and factories of our 
mighty and ever-groving industry. We will now guide our au-ship 
into the haven whence we set out and land vhere our coworkers have 
gathered from all the countries of the earth to recount whatever 
progress each has achieved, and to discuss, in public and private, the’ 
problems which have been solved and those which still a%vait solution. 

This is the purpose and aim of the congresses of appHed chemistry, 
and in this way they promote dii’cctly and indirectly the interests of 
our industry. But they also serve iinother purpose — to spread far 
and wide knowledge of our great deeds. It is thus that they impress 
the importance of our science and the arts founded on it upon the 
public hi general and especially upon those who have influence in 
social or official positions, so that our profession may advance equally 
with others, and so that the importance of the chemical industry and 
of those connected with it from an economic, hygienic, and social 
standpoint may become better and better Imovn,. 

That the effulgent light of this knowledge vdll also be diffused by 
the Eighth International Congness of Apphed Chemistry is assured by 
the magnificent orgaimatioii which our friends, the American chem- 
ists, have provided, the sldllfui manner in which the afl’aii’ has been 
conducted, the hospitable reception wMch has been extended to us, 
not only by our colleagues but by the people at large, and which is 
still awaiting us in our tours of inspection of the flourishing industry 
of America, in so many respects a model for others. For chemical 
science and the chemical industry the foiloviing ivords of Sciiiller are 
beautifully descriptive: 

‘'Only tho serious mind, undaunted by obstacles, can hear the 
murmuring of the hidden spring of truth.” 



HOLES IN THE AIR. 


By W. ,1, IlturrHUKYs, Ta. D., 

Professor of Mffrorologkal Phi/giof, United Sfatr-s Weather B urea n, Wushhigton, P. C. 


[AVitli 3 pirttes.] 

The bucking and balidng, ihc rearing, plunging, and other evi- 
dences of the muHsh nature of the modern Pegasus soon inspired 
aerial jockeys to invent picturesque terms descriptive of their steeds 
and of the conditions under ■which their- laurels were won or lost. 
One of the best of these expressions, one that is very generally used and 
seems to be a permanent acquisition, is “ holes in the air. ” There arc, 
of course, no holes in the ordinary sense of the term in the atmosphere — 
no vacuous regions — ^but -the phrase “holes in the air” is brief and 
elegantly expressive of the fact that occasionally at various places in 
the atmosphere there are conditions -which, so far as flying is con- 
cerned, are mighty like unto holes. Such conditions are indeed real, 
and it is the purpose of tliis paper to point out what some of them 
are, when and where they are most likely to occur, and how best to 
avoid them. 

Suppose for a moment ’that there was a big hole in the atmosphere, 
a place devoid of air and of ail pressure. The surrounding air would 
rush in to fill this space with the velocity pertaining to free particles 
of the atmosphere at the prevailing temperature; that is to say, at 
the velocity of sound in air at the same temperature, and therefore 
at ordinary temperatures of about 1,100 feet per second, or 750 miles 
per hour. Even, therefore, if such a hole existed, it woxdd be impos- 
sible for an aeronaut to get into it — ^he could not catch up -with it. 

But, according to the claims of some, if there arc no complete 
holes in the atmosphere there are, at any rate, places -where the den- 
sity is m-ach less than that of the surrounding air; so much less 
indeed that w-hen an aeroplane runs into one of them it chops quite 
as though it was in a place devoid of all air and without support of 
any kind. 

This, too, like the actual hole, is a pure fiction that has no .support 
in barometric records. Indeed, such a condition, as every scientific 
man knows, could be estabhshed and maintained only by a gyration 

257 



ANK-UAL EEPOET SMIXHSOHIAE IKSXITXJTIOE, 1912. 

or ■wiiui of tlie atmospliere, such that the “centrifugal force” would 
be sufficient to equal the difference in pressure, at the same level, 
between the regions of high and low density. 

Appropriate equations can be written to express the lialance 
between pressure gradient and denective force in any sort of winds, 
and at any part of the world (it depends slightly upon latitude). 
Therefore it is possible with certain eon dit ions given to compute the 
Tsdnd velocity, or vuth other conditions given to compute the pres- 
sure gradient. But in the present case numerical calculations are 
not necessary. We know that an .ascent of half a mile, easilj-' made 
by an aeroplane, produces roughly a 10 per cent decrease in pressure, 
and we Imow too that a greater pressure difference than this seldom 
exists even between center and circumference of ffiolent tornadoes. 
Hence a drop in density, or pressure, to wMch the density is directly 
proportional, sufficient to cause an aero])lane to fall, would requhe a 
tronadic whirl of the most destructive ^'iolence. Now there were no 
whirlwinds of importance in the air, certainly none that could be 
called tornadoes, at the times and places where aeronauts have 
reported holes, and therefore even half holes, in the sense of places 
sufficiently vacuous to cause a fall, must also be discarded as unreal, 
if not impossible. 

Along with these two impossibles, the hole and. the half hole, the 
vacuum and the half vacuum, should be consigned to oblmon that 
other picturesque fiction, the “pocket of noxious gas.'” Probably 
no other gases, certainly very few, have at ordinary temperatures 
and pressures, the same density as atmospheric air. Therefore a 
pocket of foreign gas in the atmosphere would almost certainly either 
bob up like a balloon, or sink like a stone in water; it could not float 
in mid air. It is possible, of course, as will be discussed a little later, 
to 1 ‘un into columns of rising air that may contain objectionable gases 
and odors, but these colunms are quite different from anything likely 
to be suggested by the expression “pockets of gas.” 

The above are some of the things that, fortunately alike for those 
who walk the earth and those who fly the ah, do not e>dst. We will 
now consider some of the things that do exist and produce effects 
such as actual holes and half holes Avould produce — sudden drops 
and occasicmal disastrous fails. 

AEEIAL FOUNTAINS, 

A mass of ah rises or falls according as its density is less or greater, 
respectively, than that of the surrounding atmosphere, just as a,nd 
for the same reason that a cork bobs up in water and a stone goes 
down. Hence Avarm and therefore expanded and light air is buoyed 
up wheneA’-er the surrounding ah at the same level is colder; and as 
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the atmosphere is heated mainly through contact Txith the surface of 
the earth, which in torn has been heated hr sunshine, it follows that 
these convection currents, or vertical uprushes of the atmosphere, 
are most numerous during warm clear weather. 

The tuihulence of some of these rising columns is evident from the 
numerous rolls and billows of the large cumulus clouds they })roduce, 
and it is obvious that the same sort of turbulence, prob.ab'ly on a 
smaller .scale, occurs near the tops of those columns that do not rise 
to the cloud level. Further, it is quite possible, when the air is 
exceptionally quiet, for a rising column to be rather sharply sepa- 
rated from the surrounding quiescent atmosphere, as is evident from 
the closely adhering long colunms of smoke occasionally seen to rise 
from chimneys. 

The velocity of ascent of such fountains of air is at times surpris- 
ingly great. Measurements on pilot balloons and measxu'oments 
taken in manned balloons have shown vertical velocities, both up 
and down, of as much as 10 feet per second. The soraing of largo 
birds is a further proof of ah upward velocity of the same order of 
magnitude, while the fact that in cumulus clouds water daops and 
hailstones often are not only temporarily supported, hut even cairied 
to higher levels, shows that uprushes of 25 to 30 feet per second not 
merely may but actually do occur. 

There are, then, aerial fountains of considerable vertical velocity 
whose sides at times and places may be almost assharpl^-'sepai’ated 
from the surrounding air as are the sides of a fountain of water, and 
it is altogether possible for the swiftest of these to produce eU’ccts on 
an aeroplane more or less clisconccrtiiig to the pilot. The trouble 
may occur: 

1. On grazing the column, with one udng of the machine in the ris- 
ing and the other in the stationary air; a condition that interferes 
until lateral stability and produces a sudden, shock both on entering 
the colunm and on leaving it. 

2. On plunging squarely into the column; thus sud<ien1y increasing 
the angle of attack, the pressure on the wings, and the ai:^Ie of 
ascent. 

3. On abiuptly emerging from the colunm; thereby causing a 
sudden decrease in the angle of attai'k and also abruptly losing the 
supporting force of the rising mass of air. 

That flying uith one wing in the column and the other out must 
interfere with lateral stability and possibly cause a tall as though a 
hole had been encountered, is obvious, l)ut the effects of plunging 
squarely into or out of the column require a little further considera- 
tion. 

Let an aeroplane that is flying horizontally pass from quiescent sdr 
squarely into a rising column. The front of the machine will be 



2B0 ANNUAL EEPOBT SMITHSONIAN INSTITUTION, 1012 

lifted, as it outers the column, a little faster than the rear, and the 
angle of attaclc, that is, the angle at irhich the wmg is mclmcd to the 
horizon, ivill he slightly inoi cased This, together iidth ilie rismg air, 
l¥ill lopidly cany the machine to higher levels, which, of itself, is not 
important If, liowovei, the angle of attack is so changed by the 
pilot as to keep the machine, wlulc in the rising column, at a constant 
level, and if, with this now adjustment, the using column is abruptly 
loft, a rapid descent must hegm — the half hole is mot But oven this 
is not necessarily harmful Probably the ical clangor imdei such 
cii’cumstanccs anscs from over ad]iis1mrnts by the aeronaut in his 
hasty attempt to conect for the nhnipt changes Such an adjust- 
ment might well cause a tall so sudden as sliongly to suggest an actual 
hole m the am 

Rismg columns of the nature just desenbed occur most frequently 
during clear summer days and over banen ground Isolated hills, 
especially short or conical ones, should be avoided during Waini still 
days, for on such occasions their sides are ceitam to he wanner than 
the adjacent atmosphere at the same level, and hence to act like so 
inatiy climmeys m prodiicnig updrafts Rising air columns occur 
less frequently and are less vigorous over watei and over level green 
vegetation than elsewhere They aie also less frequent during the 
early forenoon than m the hotter portion of the day, and piactically 
absent before sunrise and at such tunes as the sky is wholly covered 
with clouds 

AEEIAL CATARACTS 

There are two kmds of aerial cataracts, the free-air cataract and the 
surface cataract The fonner is the counterpart of the aerial foun- 
tain and IS most likely to occur at the same time It is seldom rapid 
save in connection with thnnderslornis, and such eflect as it may 
have is osactlv similar to, but m the opposite direction from, that of 
the rising column 

The second or surface cataract is caused by the flow of a dense or, ^ 
what comes to the same thing, a heavily laden surface layer of air 
up to and then r)ver a procipic,o, much as a waterfall is fonned Sudi 
cataracts are most frequent among the bairen mountains of high 
latitudes where the surfoi^e winds catch up ami become ivoighted 
with great quantities of dry snow and, becaiiso of this extra weight, 
often rush domi the lee sides of steep mountains with the roar and 
the force of a hnmeane 

But the violence of such winds clearly is all on the lee side and of 
shallow depth, and therefore where such conditions prevail the aero- 
naut should keep well above the drifting snow or other aerial haUast, ’> 
and, if possible, strictly avoid any attempt to land witbm the cataraeff ^ 
itself. / 
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AERIAL CASC^VEES. 

The teim "aerial cascade” may, with some propriety, bo applied 
to the ivniid as, follomng somewhat closely the surface contour, it 
sweeps down to the lee of a hill or moniitahi. Ordinarily it does not 
come very near to the ground, where indcecd thcio frequently is a 
counter current, but rcmauis at a considora1»le elevation Other 
thmgs being equal, it is always most pronounced when the wind is at 
light angles to the direction of the rnlge and when the mountain is 
rather high and steep. The svift dowuwiu’d sweep of the air when 
the wmd is strong may carry the aeroplane yith it and load obsen ers, 
if not the pilot, to fancy that another hole has been encountered, 
where, of course, theie is nothmg of the kind. Indeed, such cascades 
should bo entirely harmless so long as the aeronaut keeps Ins maclmia 
well above the surface and therefore out of the treacherous edrhes, 
presently to be discussed. 

WIND LAVERS 

It is a common thing to see two or more layers of clouds moMug in 
different directions and at different velocities. Judgment of both 
the actual and the relative velocities of the cloud layers may be badly 
in error — the lower seems to be niomng faster, and the higher slower, 
than is actually the case. Accurate inoasuroments, however, nro 
possible and have often been made. 

These differences m direction and velocity of the winds aie not 
confined to cloud layera, nor even to cloudy weather, as both pilot 
and manned balloons have often shown Occasionally balloons float 
for long intervals with a. ivmd in the basket, showing that Iho top 
and the bottom of the balloon are in ciurents of different velocities. 
Another evidence of ivniid layers moving vith different velocities is 
the' waves or billows so often seen in a cloud layer 

A beautiful example of the long, regular cloud waves produced liy 
^ trods that have the same direction hut .diffeient imlo, cities is sliown. 
in hgUfe 1, plate 2, while figure 2, plate 2, shows an eipially good 
example of irregtilai’ or choppy waves produced by currents that are 
more or less crossed. Both kimls of waves may, and in fact often do, 
exist in close proximity to each other Thus, for instance, the accom- 
panying figures on plate 2 are, imleed, from adjacent portions of but a 
single negative, plate 1, taken by Prof A J Henry, of the ITniti'd 
States Weather Bureau, and kindly lent for Ihoso illustrations. 

It was explamed by Ilelmholt?, as far hack as ISS9 that layers of 
air differing in density arc of fioquent occurrence, and, that they ghde, 
sharply divided and with but little intermingling, the one over another, 
in much the same manner that air flows over water, and with tlio 
same general wave-producing effect. These air waves are "aecnf* 
V , 1912 — 
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only wlien the humidity at the interlace is such that the slight differ- 
ence in temperature between the crests and the troughs is sufficient 
to keep the one cloud-capped and the other free from condensation. 
In short, the huniuhty condition must be just light, and theiefoie, 
though such clouds are often seen, air billows must bo of far raoie 
frequent occiUTenco 

Consider now the effect on an aeroplane as it passes from one such 
layer into another For the sake of dlustiation lot the case bo an 
extieme one Let the propeUor he at lest and the machine bo makmg 

a straightaway glide to earth, and let it suddenly pass into a lower 
layer of air moimig in the same liorixontal diioction as the machine 
and with the same velocity TIils, of couise, is an extreme case, hut 
it 13 liy no means an impossible one. Instantly on entermg the lowei 
layer, under the conditions just described, all dynamical support must 
cease, and with it all power of guidance A fall, for at least a consid- 
erable distance, is absolutely inevitable, and a disastrous one highly 
probable. To all intents and purposes a bole, a perfect vacuum, has 
been run into ’ 

The icason for the fall wih be understood when it is lecaUcd 
that, for all ordinary velocities, ivind pressure is veiy nearly propor- 
tional to the square of the velocity of the wind with respect to the 
tiling against which it is pressmg Hence, for a given mclination of 
the wmgs, the lift on an aerojilane is appioximatel}'' iiropoi tional to 
the square of the velocity of the machine with loferonct' /-or lo ihc 
ground, but to the air in which it happens to be at the instant under 
consideration If then it glides, with propellers at lest, mto aw that 
IS movmg in the same hoiizontal cluection and with the same velocity, 
itis m exactly the condition it would be if diopped from the top of a 
monument in still air It must inevitably fall lo nun, unless, mdeed, 
rare skill in balancing, or, possibly, mere chance should bring about a 
now glide after additional velocity had been acquired as the result of a 
considerable fall Warpmg.of wmgs, turning of ailerons, dipping and 
twisting of ruddere, and all the other devices of this natiue ivould be 
utterly useless at first, totally without effect so long as vdnd and 
machine have the same velocity, for, as already explained, there 
Would be no pressure on them m any position, and consequently 
nothing that could be done with them w ould at first have any effect 
on the behavioi of the machine. However, as stated above, a skillful 
pilot may secure a new glide with a properly constructed machme, and, 
finally, if high enough, make a safe landing 

Of eouTso, such an extreme case must be of rare occurrence, but 
coses less extreme are met with frequently. On passing into a cur- 
‘ rent where the velocity of the nnnd is more neai'ly that of the aero- 
plane, and in the same direction, more or less of the supporting force 
is instantly lost, and a coirespoiiding th'op or dive becomes at once 



HOLES IN THE AIE — HUMPHRETS. 


263 


inevitable Ordinarily, liowever, tins is a matter of small conse- 
quenee, for tiie new apecil nccessaiy to siippoit rlio maciiine is soon 
acqiiiicd, esjiccially if the engmo is in full operation Occasionally, 
though, the loss in suppoit may bn largo and nccui but a sliorfc dis- 
tance aboYO the giound, and therefore be distinctly dangerous. 

If tho new 'wind layer is agamst anti not with the niacluno, an 
mcieasG instead of a doeieaso in the sustaining lorce is tho result, 
anci hut little occurs bcynml a mcio change in tlic hoiizonlal .speed 
with reference to the ground, ami a sloping up of the rate of descent. 

All tho above tliscussion of tho effect of wind luytus on neioplanes 
ia on the assumption tliat they flow in paiallel three tions Ordi- 
narily, howevei, they flow moio oi less acrubS each othci, as indicated 
by figuio 2, and therefore, as a rule, the aeronaut on passmg out of 
one of them into tho otbci lias to contend with nioie than a discon- 
certingly abrupt change in tlie siipportmg force That is to say, on 
croasmg tho interface between ivind sheets, m addition to suffering 
a jiartial loss of siqiport, he usually has to contend with the tiirmod, 
of a chojipy aerial sea, in which his equilibimm is by no means 
secure — m wdnch 'ffioles” seem to aliound everjnvliere 

Wmd sheets, withm ordmary flymg levels, ai c most frequent dur- 
ing weather changes, especially as hue weather is gmng way to 
stormy. Tins, then, is a time to bo on one’s guard against the mo,st 
dangerous of aU "holes m the air,” even to the extent of making test 
soundings for them with small pilot balloons. It is also well to avoid 
maldng gieat changes in altitude, since ivind sheet.s, of whatever 
intensity, rejnam roughly parallel to the surface of the earth, and tho 
gi’eater the change m altitude tlu^ great ei the risk of nimmig into a 
treacherous "hole " Also, lest theie might be a wuid sheet near the 
surface, and for other good reasons, landmgs should be made, if 
possible, squarely in the face of tlie smface wmd 

WIND BILLOWS 

It was stated above that w'heu one layer of ah runs over another 
of different density billows are set up between them, as illustrated 
by the cloud pictures Of course, as aheady explained, the warning 
clouds are comparatively seldom present, and therefore even the cau- 
tious aeronaut may, with no evidence of clanger before lum, take 
the very level of the biUows themselves, and befoie getting safely 
above or below them encounter one or more sudden < liangos ni wind 
velocity and dnection due, ni part, to the eddy like or roUmg motion 
within the billows, with chancca ni each case of being suddenly de- 
prived of a large portion of tlie requisite sust-auimg force — of encoun- 
termg a "hole in the ah.” There jimy be perfect safety in either 
, layer, but, unless hearted just right, there necessardy is some risk in 
, going from one to the other, and therefore, since flymg at the billow 
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level would necessitate frequent transitions of this dangerous nature, 
it should be stiictly avoided 

WIND OUSTS 

Near the surface of lihe earth the wind is always in n, turmoil^ 
owing to fric tion and to obstacles of ad lau ds that intei fei o with the 
fieo flow of tlie lower layers of the atinospliero and tlieieliy allow tho 
next liiglier layers to plunge foiwnrd in ii regular fits, swirls, and gusts, 
with all soits of uregular velocities and in cvoiy which dnection 
Indeed, the actual velocity of the wuid near the surface of the earth 
often and abruptly vanes fioin second to second by more than the 
full average value, and the greater the average vclocitj’’, the greater, 
in approximately tho same latio, are the irregularities or differences 
in the successive momentary velocities, as is well shown by pressure 
tube traces, of wlucb plate 3, figure 1, copied from Eeiiorts and Memo- 
randa, No. 9 (1909), of the British Advisory Committoo for Aero- 
nautics, IS a fine example 

Clearly in such wuid, if at all violent, the support to an aeroplane 
will be correspondingly erratic and vaiy between such wide Imuts 
that the aeronaut will find himself in a voiitnhlo nest of ‘‘holes ” out 
of which it IS diffic.ult to use and dangerous to tiy Howevei, as the 
turmoil due to horizontal winds rapidly decreases with mcreaso of 
elevation, and as the aeronaut’s safety depends upon steady condi- 
tions, or upon the velocity of his maclune witli reference to the atmos- 
phere and not with reference to the ground, it is obvious that the 
windier it is the higher m general lie should fly. 

WIND EDDIES. 

Eddies and whfils exist in every stream of water, from tiny nils to 
the groat rireis and oven the ocean cuireiiis, wherever the banks are 
such as gieatly to change tho dnection of flow and wherever there is a 
pocket of considerable depth and extent on either side Smiilar 
eddies, hut with horizontal instead of vertical axes, occur at the bot- 
toms of streams wheie they flow ovci leilges that produce abrupt 
changes m the levels of the beds 

The 11101 tia of tho stream of water, its tendency to keep on in the 
direction it is actually moving and with unchanged velocity, together 
with its viscosity, necessitate these whirls with which nearly all are 
familiar. Similarly, and for the same general reasons, lioikontal 
eddies occur in the atmosphere, and the stronger the wind the more 
rapid the rotation of the eddy. They are most pronoimoed on the 
lee Sides of cuts, cliffs, and steep mountains, but occur also, to a less 
extent, on the windward sides of such places. In other words the 
general distribution and direction of the wind currents on the sides- 
of and above large obstructions are somewhat as schematically 
„ ' represented in plate 3, figure 2. ' 
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The au’ at the to]-) and bottom of these whirls is jnoving in dia- 
nietricady opposite dii’ectious, at the toj) with the wind, at the bot- 
tom against it, ami since the^f are close to the earth tliey may thoiefore, 
as explained under “wind layers,” be the source of decided danger 
to aeronauts Thoie may be dangei also at tlio foiward side of the 
eddy whom tlio downward motion is greatest 

When the wind is blowing stiongly landings should not be made, if 
at all avoidable, on the lee sides of and close to steep mountains, hiUs, 
bluffs, or even huge Iniililnigs, foi lluse aio the favoiito liaimts, as 
just exphiiiiod, of tieaelieroiis “holes m the au’ ” The whnl is best 
avoiilcd liv landing m an open place some distance from bluffs and 
huge obstnu iions, oi, if the ob^( ruction is a hill, on the top ol the hill 
itself If, howevei , a landing to one side is necessaiy and the aero- 
naut has choice of sides, ho should, otliei things being equal, take the 
unmlwanl and not the lee side Finally, if a lauding close to the lee 
Ride IS compulsory he should, if possible, liead along tlie lull, and not 
toward or from it, along the axis of tlie eddy and not across it Such 
a landing would be safe, uidess made in the down draft, since it 
would keep the machine m winds of neaily constant (zeio) velocity 
with leference to its direction, whatever the side drift, provided the 
hill was of uiufoim heiglit and slope and liee from irrogniaiities. 
But as hiUs seldom fuHill these conditions lee side landings of all 
kinds should lie avoided. 


AERIAL TORHENTS 

Just as water toi rents are due to dramiigo down steep sloijes,so, too, 
aerial torrents owe then origin to drainage doim steep nanow valleys. 
Whenever the suiface of the earth begins to cool througli radiation or 
otherwise the air m contact with it becomes correspondingly obilled 
and, because of its meieiised density, flows away to the lowest level. 
Hence of clear still nights there is certam to bo air drainage down 
almost any steep valley When several such valleys run mto a com- 
mon one, like So many tributaries to a river, and especially when the 
upper reaches contam snow and the whole section is devoid of forest, 
the aeiial river is likely to become torrential in natm’e along the 
lower leaekes of tlio drainage channel. 

, A fljdng macliine attempting to land in the mouth of such a valley 
after the air dianuige is well begun is m danger of going from rela- 
tively qiuct an into au atmosphere that is moving with considerable 
velocity — at times amounting almost to a gale. If one must land at 
8ucb a place bo should head up the valley so as to face the wind. If 
he heads doivn the valley and therefore runs with the wind he will, 
On passing into the swift an, lose his support, or much of it, for rea- 
sons already explained, and fall as though he had suddenly gotten 
mto an actual “hole in the air.” 



266 ANNUAL KEPOBT SMtTHSONIAN INSTITUTION, 1912. 


AEEIAL BEEAKEES. 

The Imn “aerial hreakera” is used here in. analogy with water 
breakeuc .la u general name foi’ the lollmg, dasliuig and choppy winds 
that accompany thunderstorm conditions They often arc of such 
violence, up, down, and suh'waya in any anil every direction that an 
noroplano ui tlicm giasp is lilcely to have as uncontrolled and disas- 
trous a lauding as would be the case in an actual hole of the woret kind. 

Fortunately aeiial hreakeis usually give abundant and noisy 
waruuigs, and hence ilie cautious aeronaut need seldom he, and, ns a 
matter of faet seldom is caught m so dangerous a situation How- 
ever, moie than one disaster is attributable to just such winds as 
these— to aerial hreakeis 


CIASSIFIOATION 

The above nuio t^’pes of atmoapheiic conditions may coiivemently 
be divided into two groups with respect to the method by which they 
force, an aeioplano to drop 

], The vrriiciil (jroup — All those conditions of the atmospheie, 
such as aerial fountains, cataracts, cascades, breakei-s, and eddies 
(forward side), that, in spite of full speed ahead with refereuce to the 
air, make it difficult or mipossible for an aeronaut to maintain his 
level, belong to a common class and depend for their effect upon a 
vertical component, up or down, m the motion, of the atmosphere 
itself Whenever the acionaut, without cliange of the angle of attack 
and with a full ivind m liis face, finds his machine rapidly smkmg, he 
may be sine that he has lun into some sort of a doum current Ordi- 
naiily, however, asBunihig that he is not in the grasp of storm bi call- 
ers, this eonclition, bad as it may seem, is of but httlo danger, The 
wind can nut blow mto the ground and therefore any down current, 
however vigorous, must somewhere become a horizontal current, in 
which the aeronaut may sail away or land as he chooses 

2 2'h(’ horizontal group . — ^This group includes all those atmos- 
pheric conditions --wmd layem, billows, eddies (central portion), 
toiients and the Lke — that, m spite of full speed ahead with refer- 
ence to the ground, abruptly deprive an aeroplane of a portion at 
least of its dynamical support. When this loss of support, due to 
a running of the wind more or less with the machine, is small and the 
okuntioii siillicieiU there is but little danger, but, on tlie other hand, 
when the loss is relatively large, especially if near the ground, the 
chance of a fall is correspondingly great. 

CONCLUSIONS. 

1. Holes m the air, m the sense of vacuous regions, do not exist. 

2 Conditions in the atmosphere favorable to precipitous falls, 
such as would happen in holes, do exist, as follows 
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(a) VEETICAI, GEOUI' 

1. Aenal fountains — Uprushes of au’, most niimorous during warm 
clear weather and over ban’en soil, especially above conical bills, are 
diaconcertmg and dangerous to tbo novic*', but do not greatly distiub 
an experienced aviator 

2 Amnl cataracts — Downushes of tlio free air, like the uprushes 
With which Ihey are associated in a veitical ciiculation, though less 
violent, must also be most frequent dining warm weather when the 
ground is stiongly heated They, too, however annojdng to the 
heginnei, should not be dangerous to the expeiienced man, beoause 
even when sliong enough to Cairy the machine dowm for a ilisiance 
their descent necossanly becomes slowei and then chief velocity 
horixontal before the, sinface is reached Dowmushes of veighted 
ail- over piecipiccs, analogous to waterfalls, must bo stnctly aioidoil. 

3. Aeiiul cascades — ^'Pho lower wmd, in following as it inusi sui’face 
contours, sweeps down to the lecwaid of hills and mountains in 
cascado-hke falls, and the stronger the wind the moie rapid the 
cascades But they are of no danger to the aeronaut so long as he 
takes the pieeaution to keep above the eddies and other surface 
disturbaneos. 

4 Aerial IrealLcrs — The choppy, hreaker-hke winds of thunder- 
storms that suigo up and down and m all sorts of dhections are as 
much to be avoided liy aerial craft as are ocean hreakeis by water 
craft Hence a flight should positively not be attempted luiilei 
any such ciicumstances 

5 Wind eddies (forward side) — The air on the forward side of a 
strong eddy has a lupid downward motion and therefore should ho 
avoided. If caught in the clown cunent of an eddy the aeionaut 
should head Icnglliwiso of the hill or mountain to which the eddy is 
duo By heading away from the mountain he might, to be sure, 
get entuely out of the whiil, but the chances aie just as great that 
mstead of getting out he would only get the deeper in and thus 
encounter downward curients swifter and still more dangeiouu than 
those he had sought to shim 

(h) KORI70NTAI, GROtlPa 

1 . Wind layers — ^The atmosphere is often made up of two oi more 
superimposed layeis moving each with its own velocity and direction 
Such a condition is a source of dangei to the aei'onaut because tiansi- 
tion from one of these layeis to another more neaily coincident in 
direction and velocity with his aeroplane is certain to result m at 
Iqpst a sudden decrease in the magnitude of its supporting piessure 
and m the effectiveness of the balancing devices. Under certain 
extreme conditions this transition, even when the winds are parallel, 
is well nigh inevitably disastrous When the layers move more ol- 
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less across eacli othei, as they usually do, tlie tuimoil of tlie lesult- 
ing shoil and chop]>y billows, by lendeimg equibbimm ddBicult, add 
an additional danger all tbeir o^vll 

Dangerous wind layeis are most fiequent at fljdng levels during 
tlie transition of fair to foul weathei. 

S. Wind InUoios — Wind waves analogous to water waves arc set 
up at the inteiface between tiro iaycis that are movmg with difl’erent 
velocities. If both layers are raovnig in the same direction, the lesiilt- 
ing waves nie long and legulai, if ui different directions, they are 
shoit and choppy Therefoie, other things being equal, it obviously 
is advisable to keep vnthin the lower layei, or at least to get away 
from the billowy interface, either above or below, and to avoid cioss- 
ing it of toner than is absolutely necessiuy 

3 Wind gusL^t — Tlhe hoiisiontal velocity of the wind iieai the 
suiface of the eaith is exceedingly nieguhu and fluctuates from 
second to seoomi at limes liy as much us the whole of the average 
velocity In such a wmd, il at all swift, the support to an aero- 
plane IS exceedingly eiiatic and both its laiincliing and its landing 
full of danger 

Obviously, too, the stronger the wind the highei, because of these 
surface distinbances, one should fly, if at all 

4 iruid eddus {central poition) — ^Edthes, oi horizontal rolls in the 
atnxosplieie, are found on both the windward and lee sides, especially 
the latter, of chfl’a and steep lulls and mountains Wlien the wind 
is stiong a landing should not be attempted in any such place If 
forced to land in a place of this land, the maelune should he lieaded 
along and not at light migles to the direction of the luff 

5 Afirial torrents' — Steep bairen vaUuys, especially of clear still 
nigbts and wlicn tbe uppei leaches aie snow covered, are the beds of 
aeiial drainage iivois that at times amount to I'^eritable toirents. 
Therefore, however quiet the uppei atmosphere and however smooth 
its sailing, it would be extremely dangerous to attempt to land an 
aeioplano at such a place and such a time 

NOTE 

All the above source.s of danger, whethei near the suiface like 
the breakeis, the torrents, and the eddies, or well up Ulce the billows 
- and the %vmd sheets, are less and less effective as the speed of the 
aeroplane is increased But this does not mean that the swiftest 
machine necessarily is the safest, there aie numerous other factors 
' to be considered, and the pioblem of numinum danger or maximum 
safety, if the aeronaut insists, can only be solved by a proper com 
binalion of theory and practice, of sound reasoning and intelligent 
exp ei'im entation 
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By L Lrcoii’^u, 

Mmher of ihi Institute, Insptctoi Cftaeiul of jliiUL'f, Piofissoi at V iKole Potytechmqae, 


Tho domain of applio<l mpchaiuca ii g;i’eat The number of pidi- 
lications devoted to it, in Europe as \sell as ni Auieriea, forma an 
immense Inbliography. I can not iinalyzo heio even briefly tins 
mass of iiuiteiial T sliall limit myself, as lu foiniei years (19(W, 

3 905, and 1909), to describing a few of tlie most iiiteies ting results, 

I KTE ViM APPARATUS 

Leprincc-Ringuet published in the llevoe lie Met an nine (3 91 11 a 
leseareb. upon the transmission of heat betwein a 1!n d 'm mosenunl 
and n metallic surface. After examuung v n nuis i hi vm les and evnevn 
menu upon the subject ho found that when gas flow .lu'uugli a 
tube the (piantity of heat transmitted pt ' Im'i' ]ie s(|iijiji' luelcr 
can bo given liy the expiossion > lien- b is iiu' < oollu lent 

of transmission, varyniig mveisely as the u I,! oo" ' ' o! die leiiglh 
of the tube, <7 is a coefliedent niereasiug pioui 1 1 luu.iielv v, iih (he 
temperature; T^the velocity of the gas in meU' ' p ile- weighi of a 
cubic meter of the gns in khograms , and n is m e\|)oniui which 
depends upon the relation of tho cross ram lo Ihc iirs mieler 
For a circular tube of the diameter d it is jii.h tii alli 

+ 18 d 

The coefficients B and t'vary only slightly from or e b'l'.uil lo anolhei. 

The author concludes that the exchange of lual i.ui be eoiisuler- 
ably increased by increasing the floiv, tlio i ddie , >.iid ih*' la'io of ihe 
perimeter to tho cross section, It is also .uh antageous wbeumer 
possible, to iiromote the condensation upon tfie meiallii .siuf.u es. 

Bone developed the idea of applymg to iieaiiug of steam 
boilers a process suggested by an old inveii'iou of J,i de, which con- 
sisted in injecting tln'ough a contrivance lonmd of poious fUifnces 

1 Translated by perijilhsion from lleiue {>^m!rate des Sclcaces jji'i, - , ■ ,ii'l, J'li.v ,'i, 11,13, 

Ppi51S-557. 

JGi) 
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or mass of refractory fragments a nuxture of au’ and gas m, tlie pro- 
portion to assuie pGifect combustion and wbicli must be discharged 
fast enough to prevent the flume “stiiking hack.” The gas is ignited 
as it flows out of tins contiivanco 

In tho ordinary Bono licatei, based upon this piinciplo, the ordi- 
nary boilei tubes are leplacod wnth ones filled with pebbles. The 
combiialion takes place within the fiist 150 unlhmetcrs of the tubes 
and tho burnt gases raise tho pebbles to mcandcscenco. Tho 
expeiiments made at Yorksluro gave encouraging lesults. The 
expei’imental heater proved voiy active and easy to regulate. 

I wote at considerable length m the Review for 19U9 on the snh- 
joct of supciheateis The idea of supeihoating steam m order to 
avoid harmful condensations appears to have originated ivitli a 
mechanician of Btrashurg named Becker, who in 1827 obtained 
a patent for that piupose, and it is lather remarkable that since 
tlien it has been in Alsace, where the practical realization of super- 
heating has taken place. It was at Logelbach that Hum, in his 
ftunous expeiiments, made with two engines of more than 100 
horsepower, showed that economies of more than 20 to 25 per cent 
could be obtained by superheating less than 100° Schwoerer, for 
a long while secretary to linn, has continued the researches of Ins 
former master and triumphed over tho ditficnltios which retarded 
the practical application of superheating. In 1904 he annonneed at 
the Soci^t^ d’Encouragement pour I’lndustrie nationale that dining 
tho last 10 years ho had built more than 5,000 superheaters of Ins 
design and still continued with tho same success Schwoerer'a 
apparatus consists of a set of very thick, straight tubes, about 3 
meters long, with exterior transverse thickenings and longitudinal 
Ulterior ribs, assembled in a somicircular frame. Its weight is about 
300 kilograms per meter. The device is sometimes used horizontally, 
sometimes vertically The great mass of motal serves as a reseiwoir 
of heat, 

Davane, in a memoir published in the BuUctm du Congrfe inter- 
national des Ciieinms de for (1909), told of the employment of 
superheatmg ni locomotives and gave many mteiestmg data. The 
Tollovmig are a fow of his conclusions : The economy is inappreciable 
for a superheating of 30 ° to 40°. The temperature of the superheated 
vapor must not bo raised above 350°. Under such conditions 
economies roaclung from 20 to 22 per cant rnay be obtained. The 
saw-tooth profile of the roads (that is, frequent changes from up to 
down grade), the many and prolonged stops at stations, aie very 
unfavorable to the use of superheatmg on locomotives. The increase 
of power is obtained only on certain Imes. Tho great superheating 
necessitates tho jiroper protection of the cylinders and tlia distributing 
system as well as special hibncation with oils smtably chosen. 
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The Review of 1905 mentioned the mstallatioii m Algeria of 
Robert locoinotiveH, where, iii place of the oidmary tubes plunged 
in water and through winch the flames pass, the water passed through 
tubes plunged in the flames This type of locomotive boiler seems 
especially suited foi service wlieio water of had quality must be used 
or with TOiy high pressures The t'ompagnie du Noid sent to the 
exposition at Brussels a locomotive ivith water tubes of the type 
called “Atlantic,'' rated at 18 kilograms, they noted that in order to 
have a good water cuculation it was necessary to have considerably 
greater Auiporization per square meter of sm^ace than with ordmary 
locomotives 

Steam luihnies, of which I spoke in detail in the 1903 and 1909 
Reviews, leceive more and more extended applications The Noi'th 
British Jjocomotive t'o , of Glasgow, has constiucted a turbine loco- 
motive The turbine used is of the “impulsion’’ type, that is, it 
leceives the steam after complete detentions This turbine, with 
8,000 levolutions per minute, drives a continuous-current dynamo 
winch 111 turn controls foiu dynamos mounted upon the diivnng 
axles The escaping vapor passes to an ei'ector condensei and is 
retui'ncd to the heater by a feed pmnp Since turbines do not reqiiiie 
the lubrication of a piston engme, the steam is not mixed with oil 
On the other liand, the suppression of the exhaust into free air makes 
some otlvcr lecourse necessaiv for utilizing the full motive power of 
the steam. A ventilatoi is used. The locomotive is earned upon 
two drivel s, each diiveu by two of the dynamos. The trials seeiu 
to have been veiv satisfactory Tlie electric control asburcs the 
desired flexibility in speed and makes leversal possible L staled 
in 1909 that Navor had proposed an analogous solution for the use 
of marme turhmes. 

Another turbme locomotive was made at Milan. In this engmo 
the distributor leduces the pressure of the steam from that of the 
boiler to that of the envelope of the turbme. The latter has four 
gl’oups of paddles working in turn When great speed is necessary 
the steam propels only the first gi’onp of blades, at reduced speed, 
the several groups In order to change speed thC number of blades 
may be doubled by*' reversing tlieir curvature. This locomotive has 
a heater of 65 square meters surface and was rated at 9 kilograms 
and furnished 100 horsepowei, It was only an experimental loco- 
motive. The advantages shown from these expeiiments were 
The possibility of very great speeds, economy in lubrication, the 
suppression of oscillations, better utilization of the fuel, reduction 
of the upkeep expense, and facility of management and reversal. 

The development of marine turbines continues. Without restating 
what I have given in previous papers, 1 would add that A'arraw 
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profited bj'’ the substitution of turbines for piston engines hi the 
constmction of marine eiiguies provided with superheating The 
use of superheating is heie made jiossible by the suppression of the 
lubricating oil whicli, when mixed with the steam, after passing 
through the bodor is apt to decompose ui the supeiheater and causo 
trouble Precautions are uccessaiy that the supeiheater is not 
burned up when its supply" of steam deoi eases too much oi ceases 
To avoid this, Yarrow provided a wav of diverting by a damper more 
or leas of the hut gas fiom the fii-e This damper is cooled by a current 
of air passing constantly between its faces to prevent their deforma- 
tion An economy of 10 to 13 per cent was thus obtained with a 
auperlieatmg of 50“ to G5° 

The celebrated electiician, Tesla, has invented a steam turbine 
which seems to possess tlie greatest possdde .simplicily It consists 
of a seiies of disks fastened to the same sliaft and mcloged witluii a 
common casing The steam, aihiutted tuiigcntiaJly into the casing, 
after describing spiials in contact with each of the chsks, escapes 
tlirough a ccnti al opening The friction thus pi oduced siiflices to give 
a veiy rapid lotation With disks -157 nnlhmeters m chametcr and 
25 m number and steam at 9 ktlogiams, expenments made at New 
York developed a speed of 9,000 turns per minute and a horsepower 
of 200 The steam consumption, as nuglit have been expected, was 
unfortunately very great It reached 17 Icilograms of steam per 
hoi'sepower The inventor hopes to get greater economy through 
the use of condensation. But it is doubtful whether the di'ivmg of 
the disks by friction of tlic steam, which is the main ])omt of this 
invention, ivill ever give good results as to steam coiisumption His 
system has the advantage of allowing easy revei-sal Two jets, enter- 
ing in opposite directions, aie all that is necessary, employing one for 
tho forward, the otlicr for hackwaid motion 

An. attempt was made with tho same tuibme to use gas bm ming 
undei pressure after having been mixed wnth sufficient watei to render 
the temperature harmless Tlie results were not stated 

II GAS AND PETltOLElTM ENGINES 

The gas engine, despite tho coiivenleuces m its use, did not reach its 
full development the dav that cheaper gases were substituted for the 
more ovpouMve iiliinimaiing gas 

Tlie most eoimnoii ]iru( e"') of producing tlus cheaper gas consists in 
, pasoiug Ji current of an ca ot a column of the combustible, raised to a 
red licaL (jvor some 7G c'cniimetei’s, the combustible part of the gas 
thus obthineti m an OMdc of carbon In place of dry oir, moist air is 
oJ’ti Ti injecU'd 'I'he water dissociates, furmshing hych’ogen which 
combmes with the carbon and oxygen, while tlie water at the same 
time lowem the temperature of the apparatus. Tlus gas producer ia 
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fpd with poor coal or coke Results may thus be obtained not exceed- 
ing 400 grams of coal per cftectivo liorespowor Foi realizing the 
importaiicG of tins result, it is sufficient to recall that mth a compound 
steam engine and coal with fO per cent ash, capable of giving 7,200 
caloncs per Idlogram the consumption exceeds GOO grams and often 
reaches 1 Icilogram 

It is desirable to lie able to food tlie gas producer with aiw kind of 
coal whutevei The employment of greasv’' coals is lendored eliftl- 
cnlt by the fornialion of tais wluch, when tlie eoiiibusliou is not com- 
plete, tend to obstruct the distributing system. Furthei, gieasy car- 
bon, in 01 dor to feed regulaily, lequires constant stoking wliieh in turn 
distiuba the woiking of the motoi Letombe succeeded in ovmr- 
conmig these chfhculties He observed that, m ordci to keep the coal 
feeding piopeiiy in the gas pioducoi, it was onl}^ necossaij to start the 
combustion of the volatile product at the v^ciy moment of its chstilla- 
tion His gas pioducer is overfed, having at its uppei pait a stepped 
grate by wluth tlie air necessary for the combustion is intinduced. 

The greasy coals are in general loo costly for tlie production of cheap 
gas It would 1)0 bettcj to use tliose combustibles of copious ash 
which can not he employed in other ways. The pimcipal ihfficulty 
then is to ov^orcome the resistance offeied to the flow of the air. 
Keiqiley made for that purpose a high-pressure gas producer (400 to 
700 milhmetcrs of watoi) the rotating grating of wluch is perforated 
With a gieat numlier of liolcs distributed over its whole suiface 

There has just been put into seivicc at the German steel works at 
Britckhauaen, a blowoi diiven bj^ probably the most powerful gas 
engine in existence This engine is a, fi)ui-c 3 'cle motor, wiili two 
cylindeiB in tandem and of 1 40 meteis stroke Tlie duunelci of the 
gas cyhnders is 1 20 motors, of the vent cvhndcrs, 1 90 meters 

For a long lime gas engines were woiked bj^ valves Such engines 
are now in competition with those using c 3 ’’Kndi’icnl slides or coi'ks. 
The great speeds accentuated the vveU-lmown faults of tlie vuilvos duo 
to the noisy shocics, the liammeiing, the ddfioulty of adjustment, the 
stratification of the gas, etc The H^leiccdes and Renault motors use 
turning cocks The ITnight motoi, wluch has attained such success 
since its appearance, uses a distribution made by two couccniric 
sheaths placed within the interior of the cylinder and woilccd by 
eccen.tnc.s The stratification ia smaE boctiuso of the care taken in 
giving the parts the necessary dimensions Fear might bo enter- 
tained over chfficultics in lubneatmg and clnUiug Jbit experience f 
shows that these (hfficulties are easily overcome OE, constantly 
renov'ftted, does not lose its fluidity The doing wit h the valves 
aEows a very simple shape for the explosion chamber, the surf ago of 
whic'h may thus be very much reduced, and to tins Knight attributes 
the great floxibEity of his motoE, The reduction of surface exposed 
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to cooling allows the gas to conserve its heat at the moment of the 
explosion and, fiuther, the absence of nooks assures a perfect removal 
of the burnt gas. It should be noted that the concentric sheaths of 
the Knight motor require very accurate worlang, -winch makes the 
construction dchcate and laises the cost of repairs 

Gas motors aro not to be recommoinled for use on I’essids because of 
the danger of the formatiou of explosive gas mixtures in badly venti- 
lated engine looms Tins objection does not apply to the Diesel 
inotoi , mentioned in the Ke-view for 1908 This motor is of interest for 
■war slups because of the suppicssmn of smoke, the reduction of per- 
sonnel, as well as its augmented scope of action, which is some three 
times as groat as vuth the ordinary steam euguie 

Let me restate that the pimciple oi the Diesel motor is to inject pro- 
gressively tho combustible licjuid by means of a pump into air com- 
pressed to 30 atmospheras Because of tho high tonipeiatuio due to 
the compression, the mixture spontaneously igmte.s, so that there is 
no need of an igiuter. Tins motor can use petroleum residues useless 
for all other motom Official tests made on submaiines piovided with 
Diesel motors have shown theinial efficiendes reaching 32 5 per cent 
for ahorsepowoi of 75 and 42 per cent foi horecpoweis of 395, whereas 
the best tuple-expansion steam engines seldom surpass 13 pel cent. 

The Maison Sulzer has lecently constiuctod a locomotive of 1,000 
homepower driven by a 4-(;yhuder Diesel motor 

Among the motois for aination the king of the day is undoubtedly 
the Gnomo. Tins is a two-center rotatmg motor, The cjdinders, 
odd in number, tuim about one of these centere while the pistons turn 
'about the other The Ihie of centeis plays the part of a unique cranlc 
which reinaius fixed. This aiTangemeiit does away -with all tho vary- 
ing forces due to the inertia which are inevitable ivith motoi-s using 
fixed cylinders, and thus assures a veiy salisfactoiy equihbnum 
On the other hand, the lapid lotation of all the cylinders produces 
an eneigetie ventilation and thus at the same time solves the problem 
of cooling them. Tliat result is obtamed, it is tuio, through an 
increased power consumjitiou for this stuimg of the an, which may 
amount to 10 per cent of the total powei developed We may add 
that this rotation intimately mixes the combustible with the naces- 
aary air, makes tho cylmdeis fill veiy unitormly, circumstances very 
favorable to a regularity of the explosions. 

Rotating motors have the objection that tho oil is i brown a gainst 
the bases of the cylindei's and toward the valve'. They nre also -v erv 
costly beenuRO of the especial care necessary in incii (oiNti-uction and 
IIhu lapid wealing out. A rotatmg motor while worlang escapes 
proper surveillance. The gjnoscopio effects resultmg from the 
rkpid rotation of tho motor and possibly chsturbmg in tho maneiivcr- 
Jng of tho aeroplane do not seem to have troubled the aviatois. 
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I Lave stated that the number of cylinders of the Gnome motor is 
odd The same statement is true of many motors m use for a\aiition, 
and wo may well ask why Tho reply is given thiough the formula 
winch I had the occasion to prove, and winch may bo stated as follows. 
'll— K (n + p — 2) wheie ii is tho number of cylindeis, K, the number 
of cranks, and p tho oidei in which tho sparking ocims, that is after 
having sparked the first cvhndcr, then tho one of lanlr, p + l, is 
sparked, then 2 /H-l, and so on until tJie hmt one is leached again. 
In order that all tho cylinders may be Sjiaikcd m tuiu it is necessary 
and sufficient that p is pi ime with a That granted, it follows that, 
if one crank is employed in order to simplify mid make the motor as 
hght as possible, Jc must ecjiial 1 and when p = 2, n must be odd. 

Ill RAILROADS 

The development of our mdustnes requires the use eveiy day of 
more and more jRiwerfnl locomotives. Simo the gauge is lixed, and 
so prevents an mercase in their ividth, any lucicaso lias to occur in 
thou’ length. When ivo p.is3 a eert.ini limit precautions aie neces-* 
sary foi permitting then passage aiuund curves. Tlus has led to the 
construction of loug aiticulated locomotives of the Mallet type Tho 
driving mechanism is here distributed between two truclcs, tlie i ear 
one of Avliich only is rigid ivitli tho hoiler Tlic foie tiiick, movahie 
mth lespect to the lear one, cniiicsthe low-piessuio cylindeis which 
receive and discharge the steam through flexible tubes 

The Americans have gone yet furthoi Tho excessive length of the 
new boilers rendeis their management difficult, so that they ilnnde it 
into two parts bolted together The two parts may then bo scjiuiatcd 
at the workshop for inspection and lejiair Then they liave lecog- 
nized the advantage of making the joint flexible in ordei to dimmish 
in going mound curves the ovei hanging of the ends of the ongmo 
beyond the traclm They thus obtain wnthout an increase of lu'ow a 
floxibihty equal to that of coupled locomotives. With (rngines thus 
coupled there are hauled between Chicago and tho Pacific coast 
freight trains canying the enormous loads of 2,200 tons The 
results have been excellent and it is only a matter of extending the 
process or, what accomplishes the same purpose. Of inalang now 
engines by coupling together older ones 

, In Older to increase the traction, tho Amoiicans have h.msfoimed 
in turn the tender into a kind of an auxiliary engine ])iovided with twm 
cylinders oomiected by flexible tubes foi furmshiug the loiv-pressure 
steam coming from the locomotive. There is thus obtumed almost 
a rolling manufactory provided ivith 12 axle motors, 8 of which aio 
under the locomotive and 4 under the tender. There aio besides 
trucks at the front end of the locomotive and under the icar end of 
the tender May I ask how ono" engineer and one iiiomuo can bo 
sufficient to control the boiler of such an engine 1 
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De Valbreuze published in 1011 in the Bulletin do la Soci6t6 d'En- 
coiirogomcnt an interesting study on the use of electricity on railroads. 
The foUoiving are a few of his conclusions . The principal advantages 
resulting from the use of electric traction rest in the suppiession of 
smoko, the increasing of the capacity of the terminal station due to 
the sunplihcation of the manouvernig of the trains, and the possi- 
bility of the use of steep gi’ados so that moio than one story may bo 
utilized at the station, tlie rapidity of starting, the multiplication of 
trams, and, finally, the possibility of coinmuincatmg fiom an exterior 
source of energy as groat an amount of power as may be desired 
Along with those technical advantages theie are several economic 
ones which result in diminishing the expenses of operation. Electric 
locomotives have a smaller dcad-'weight than those using steam. 
The power house for electiicity uses steam engines of the highest 
efficiency and fuel unsiuted for ordinary locomotives The mainte- 
nance and repair of electric locomotives requu'es loss time, and there 
consequently results a gi eater annual miloago,foi them 

The choice of the electrical method is a very complex pioblom, 
demanding in each case a caioful study, since no general rules can be 
fomulated. The pioximity to a fall of -water frequently dotormiues 
the adoption of electricity. From a militaij?- pomt of view this 
motliod of traction possesses great disadvantages, the nocessaiy 
councctioii between the electiic tram and the power house constitutes 
in the case of mobilization or of war a very senous inconvenience. 

Formerly railroad eompames used for the transportataon of height 
only cars of horn 5 to 7 tons capacity. After 1855 cars of 10 tons 
came into use, in 1879 of 15 tons, and in 1895 of 20 tons In order 
to go farther it became necessaiy to increase the num])er of axles, for 
the European, tracks could not support more than 12 tons per axle. 
Accoidmgly, cars of 40 or oven 60 tons were made, suppoiied by 
two small trucks, each having two pans of wheels. 

This increase of capacity has the advantage that the ratio of dead- 
weight to that of the earned load is reducetl For mstance, tho tare 
of a car having a carrying capacity of 40 tons need not exceed IS 
tons, whereas formerly cam for loads of 5 to 7 tons had a tare of 5 tons. 
In order to lighten the cais further it became necessary to give ui> 
the use of wood and iron m their construction Tlie solution of the 
difiiculty M^as found iji the use of sheet steel, which is easily adaptable 
to the designs suggested. 

These great cam have another advantage in that they reduce, 
Other things bemg equal, the length of the trams Such a reduction 
may amount even to 45 per cent. This augments the amount of 
traffic possible at the station where, for the same length of iilaiform, 
about twice as much freigJit may be handled. At the i-iim'i liiuc lim 
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maneuvering becomes simpler because of the reduced number of 
couplings 

Henrj^, who stated those facts in 1911 before tlio Soci4t6 d’Emour- 
agomont, is of tlio opinion that we may expect further development 
and use ol these eais of great enpacit}’- However, the small cars wiU 
always presoiwe thoh utility foi lighter trafiic, the groat cars being 
reserved for the heavier 

The employment of the an brake has become general witli passen- 
ger trains, although in Eniopo it has nut yet been extended to treight 
trains Such an extension is, however, very desirable <iven for tlie 
secunty of tlio passenger ti aiiis, since tlio number of collisions between 
fioigJit and passenger tiains occurs because the former have not 
sullu'iently powerful moans of stopping The an braking ol freight 
trams will cost very considerably, but, as I stato<l in 1909, it is moie a 
teclmical difficulty winch retards their use Experience siious that 
with the veiy long ireight iiams the change of pleasure produced by 
the engmoor at tlie front end oi the compressed air system requiios a 
consideiable lapse of lime before it is felt at the other end, and during 
that peiiod the couplings, Avluch are geneially made rather loose in 
freight trams, bcoause of the frequent changes required in their 
make-up, receive violent shocks, frequently breaking them. Sabou- 
ret, the cluef engmeei of the Compagnie d’Orleans, proposed for the 
ovei'commg of Lins difficulty a very simple and ingenious contrivance; 
At the moment when the engineer manipulates the valve of the air 
brake the tluoc follmvmg effects are produced' First, the tender and 
the four fiist cars are immediately bralced, secoml, the engine is 
braked ptogiessively, and third, the rest of the tram is binked with 
a retard of 10 seconds, sufficing for the cars, because of their acquii ed 
velocity, to compress all the couplings by pushing forward. Experi- 
ments have shown that, under such conditions, the braking worlis 
satisfactorily. The application of the process in the Compagnie 
d’Orleans would cost 7 to 8 millions ot francs. 

While waiting for the provision of an brakes to height trainSj it 
is mdispensable to at least employ sure and powerful hand brakes. 
For tlas purpose the Mestre brake should be mentioned. It last year 
received the gold medal of the Soci^t^ d’Encouragement. In the 
Mestre brake, by a very simple starter, a strong spring causes the 
rapid approach of the brake shoes, the final clampmg bemg obtained 
by a device analogous to that of n hand jack. This brake has been 
suecessfuUy tried m the easteni section of Franco. 

The ruptures of the couplmgs to which I have made allusion ore 
one of the plagues of the railroad world. The procedure which 
naturally occurs fh'st for reducing them is to reenfoica aU the dimen- 
sions, and such m a measure has been done, as the increase of loads 
fi63eO''~Sil 1012 10 
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has SO required But experience shows that this palliative is not 
sufficient. Fremont showed, by direct expermionts, that it is well 
to use buffer springs strong enough, by then* compression, to i educe 
the active force of the shocks whatevei may be then mtensity It 
seems that this noceusity has not always been sufficiently taken into 
account, 

Fremont he a further been occupied concerning the lupturcs which 
frequently occui at the end of a certain period in the bent ciank 
shafts of locomotives, often putting such shafts out of service and 
even causing serious accidents lie saw that such flaws result 
especially from shocks reccive<i perpendicular to their motion, and 
proposed, consequently, to increase the elasticity of such shafts by 
hollowing out certam jiortions (the plates comiecthig the bodies of 
the shafts with the bearmgs of the rods). Such a modification was 
introduced mto the eastern section of France, with so far very 
encouraging lesults 

IV. AVIEODYNAMICS 

The progress of aerodynamics has been intimately associated with 
that of the perfecting of the motors as well ns with the mciease of 
knowledge as to the action of air upon surfaces in movement 
I have already spoken of the motors. As to the dynamics of the an, 
considered with regard to aviation, we may distmgnish between the 
theoretical and experimental results. Among the former there is 
the important study of Soreau on the propellor, of which ho spoke at 
a conference last year of the Soci^t6 des Ing4meuis civils. Soreau 
remarked that there are two schools devoted to the theory of the 
screw, Ono considers the elements of the screw itself, without talcing 
into account the movements of the fluid molecules; the other school, 
better comprehendmg the flow of liquids, finally reached an avowal 
of their powerlcssness and became strengthened m that avowal as the 
study of the physical phenomena showed mcreasmg complexity 
Soreau says that, after having sided mth the latter school at fii-st, 
he now behoves that it is possible to analyze the action of the blades 
■ of the screw, with the double reseiwation that the action takes place 
in a limited space and that we be content mth approximate laws. 
These laws lead to formula no longer wholly empirical, because, as 
thus developed, they show the parts played by the various dimen- 
.sions, indicating their order of magnitude and l dative influence. 
Starting thence, the author has commenced to analyze, guided by 
preconceived ideas, the hatter experiments on the subject, and hopes 
to get some general results For some tmie analogous ideas have 
guided the naval engineer Doyfeye in the study of marine screws, for 
which investigations the Acad6mie des Sciences, hi 1911, bestowed a 
part of the VaiUant prize. 
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Oh the experimental side, we must mention the beautiful reseairhes 
undertaken, by Eiffel in the bdwratory he hns built near the Champ 
de Maxs It has 311 st been removed to Auteuil The essential part 
is a room traversed by an an runent, 2 meteis in diameter, provided 
by a contijfugal blower Tlie velocity of the air may bo mado as 
great as Z‘2 meters per second, nr 115 kdomofers pei hom There ls 
at one side another blower which furnishes tm, inth a section I meter 
ui diameter, hut of which the velocity may bo raised up to 1 14 kdo- 
metors pei boui The motive power is fiirnisliod by a luonojibase 
current from the jdace at the Champs Elys 6 es and previously trans- 
foimed into a direct current. 

Eiffel’s laboiatory therefore uses the so-caded tunnel method. 
Ee Guicho uses m Ins expernnents an entu’oly different method, 
studying the action of the am upon surfaces of various form carried 
by an automobdo. We might call the latter an opon-air method. 
At the Institut d’A^roclynamiquc of Samt-Cyi', established through 
the liberality of Deutscb de la klouithe, an open-air method is also 
need, except that the surfaces under study are carried on e w.igon 
moved electrically along a track 1,400 meters long A third iiiolhod, 
which may be called that of a race course, is used at Saint -(\i' in 
order to be able to work when the atmosphere ivilhout is ma clll 
ciently calm The diameter of the course has been made mefers 
so as to dimuush as much as possible the mfliieiice of its ciHv.uiiri' 

There are other aerodynamical laboiatones in other n'unluc'., 
notably m Italy and in Russia But whatever may be the sci'iitilic, 
intert^st in the exiiernnents carried on in any laboi atones, tlic fon- 
clusions winch we may draw fiom them, when ajiplied to lation, 
must always he subject to certain reservations when apjiIioO to 
practical aviation In order to lyiow exactly what happt'n on an 
aeroplane, the measunng apparatus must be installed ipion the 
aeroplane itself m full flight Lcgrand and Gaudart Have already 
made some experiments in that manner. It is desirable thuf. their 
example be followed. 

Before leaving the domain of aviation, which inll yet requiie long 
development, I wish to say a word about Eoutro’s contrir.uice for 
stability This is designed, according to the inventor, to }iiodui‘e 
automatically the necessary changes foi* effecting the longii iidiii.il 
stability of an aeroplane. The principle is as simple as it is ]m:< moii.-,. 
A screen runnmg upon guides in the direction of flight rGcol^ c - jicr- 
pendicularly the force of the wuid To this \ving aio fa dined iwo 
other guides parallel to the first and upon which a heavy mu--, moves 
Suitable sprmgfi keep the mass in a determmate position. When tho 
velocity of the aeroplane tends to change abruptly, the movable 
m‘ass, because of its mertia, is momentarily displaceii along the guides. 
rOn the other hand, when the velocity experiences a senslblo varia- 
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tion the pi’cssiiro upon the wiiig is of course changed, and then again, 
hut for a diffeient reason, the movable mass undergoes a displace- 
ment In botli cases the change m the position of the mass is used 
to actuate, by means of a compressed-air auxiliaiy motor, the eleva- 
tion ruddci of the aeroplane 

The idea of thus comhuung in one apparatus the uifluonco of an 
acceleration with that of a velociiy is not so new as the inventor 
supposed, for the regulator of a steam engine called the “American 
Rcgidatoi ” applies the same idea ^ But the merit due to Doutre is 
because of hm idea in iishig the device for the safety of aviation, and 
I should add that the experiments so far made show its feasibility. 
It remains to see how it will work after longer and more inuied trials. 

Delaporte is the mvontor of a contiivanco tailed by him a movable 
aero propeller and coiisistuig of a device carrying a motor and an 
air propeller It is necessary only to install it upon a boat m order 
to make the latter automobile Delaporte sees m his invention the 
solution of the important problem of the navigation of canals. A 
demonstration of the aero propeller was made at Toulouse September, 
1911 It was found that a flat-bottomed boat provided with a 
3'borsepower aero propeller could be easily managed and would tow 
up to 8 boatloads of 40 peopio each. 

V CONGRESS AT DUSSELDORF. 

In 1910 theie was held at Duaseldorf a Congrhs de MScanique, 
where, a speciality was made of the application of mechanics to mming 
and metallurgy The following are a few abstracts from the pro- 
ceediugs of that congress 

Electncity is more and more used m mmes for drdling, for hoisting, 
for venldatbig and exhaust pumps, and for oxtractmg machines. 
In the metalhu’gicol laboratory it is frequently used for the forges 
and tho rollmg machines It serves further fur the heatmg of the 
furnaces and for welding. One, paper treated of the transportation 
by aerial cable, s which exceed 30 kilometers m length. 

Another inemoii gives the history of the development of the blower 
and compiession m Oerman mmes Blowers are now made capable 
of blow mg in an hour 16,000 cubic inetem of an at a pressure of 300 
millimeters of water. The tuj-bino compressor, invented by Bateau, 
is now widely distributed. These machines are often driven, by low- 
' pressure turbines to which I referred in the Beview for 1909 and 
vb'-'' irv'’ was also due to Bateau. The latter at the Dussel- 
' ( ‘Cl. . presented an important communication upon the 
- . I ' of low-pressure turbines Their steam is furnished 
by an accumulator receiymg the steam esoajiing from a certain 
number of ordinary engines The low-pressure turbiije iT -.o buill 

I See itiy aitlUo on Kegulators lit 1900, Eevuegfin^iale (les Sciences, 1901, pp ).25ett,eq ' , 
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that, in case of need, it may be driven vifch steam coming du'oct 
from tlio boilez' The supply is automaliioally reiemul in case of a 
deficiency from the accumuhUoi' At Middlcaborough (England) 
the installation of two low-prossuro tin bines allowed the putting 
out of service of 28 liunaces, tluis saving t20 tons of coal per day. 

VI MISCELLANEOUS MAITERS 

in the Review ior 1900 1 noted a denco foi dniimishing tfio rolling 
of ships, based upon the lateial displacement ol a heaw mass in a 
viscous fluid The stability inoducer of Fraliin <lepeiu!s upon a 
snnilai pimciple Two resorvohs of waiei are jihucd symnietrieally 
upon the opposite sides of a ship and eommiimeate by a tube which 
can be closed at nail Tins opening is controlled, according to the 
oscillation period of the watei passing iiJteinately fiom one leservoir 
to the other, so as to contiol the oscillations ol the ship Use, If Experi- 
menJg made at Hamburg showed that the rolling coidd bo ledueed 
from 11° to 25° I may add that since 1883, Sir Waits tried the 
same device upon the gunboat Inflexible, and m Franco, in 1886, 
Berlin proposed it for the cruiser Jeanne-fl'Arc 

In the Review for 1909, some mention was made of speed geaiB 
which have the purpose of varying at will or reversing the speed of 
rotation of a shaft driven by anothei shaft which must run at constant 
speed and ni a constant direction. Suice then a new and very inter- 
esting solution has been made by Williams and Jamiey The trans- 
mission of the power is hydraulic. The driving shaft cariios a crown 
of cylinders wliose axes aio parallel with tluit of the shaft and each 
contains a piston jointed to a rod Tlie end of each piston rod is in 
turn jointed to a point of a img which can oscillate about an axis at 
right angles to the shaft of the motor Further, this ring incloses a 
concentric plate which does not partake of tlie movement of the 
shaft but may bo fixed in a position more or less inclined to that of 
the shaft It is apparent, then, that according to the mclmation 
given to the plate the travel of the piston rods will be more or less 
great; it is zero when the plate is perpendicular to tlie shaft. The 
movement of the pistons is used for pumping oil, and it is evident 
that the quantity pumped at each turn of the shaft depends on the 
position of the plate Further, the dnvcu shaft is provided with 
sinular devices except that its plate is rigidly fixed. The wRole is 
assembled and inclosed in a tight box. Its method of woikxng is as 
follows' The oil jmmped duiing the rotation of the driving shaft is 
sent to the cylmdem of the driven shaft, cansmg thou pistons to work. 
The displacement of these pistons causes the rotation of the driven 
shaft and its velocity of rotation is jiroportional to tho volume of-aif ' 
pumped in a unit of time, this volume is varied by mchning more, dr 
less' the plaid of the ilnving shaft. 
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This device has fili’eady received various applications, especially in 
the worlcmg of the tiurets of gunboats An analogous device is found 
in the aviation motor of Salmson which was shown at the last Salon. 
In this we also find an oblique plate with a shaft canyiiig cylhulors 
with their axes paiallel to that of the shaft and of which the lustons, 
by pressing against a jdatc, aie obliged to take a motion of lotation 
But in this case, instead of using oil, the pressure is pioduced by ihe 
explosion of a mixture of an and a volatile oil, as in all gas engines 

In 1909 I statcal the principle of certain devices, called torsiom- 
etcrs, vhich, as tlien name indicates, measure the torque of the 
shaft of a machine m order to calculate the work transmitted by 
that shaft Tlie same purpose is accomplished by the use of various 
dynamometem Tlie following are two recent inventions whose 
prmciple is interesting 

In the Pfti'cot dynamometer the tlnvmg shaft is connected to the 
shaft of the dynamometer by ine.ans of a ferrule, threaded on the 
inside so tliat it can move parallel along the shaft whenever the two 
shafts have dillerent sjieeds The force which tends to displace the 
ferrule is pioportional to the force transmitted fiom one sliaft to the 
other. A suitable pressure paiallel to the shaft is applied to eounter- 
aet this displacement and is easily nieasiued by a suitable balance, 
the scale of whicJi is so graduated as to give by dunct reading the 
power on a basis of 1,000 turns per nnnute If the speed has a dif- 
ferent value this readuig must be midtiplied by the actual number 
of revolutions and then divided by 1,000. 

The Walton dynamometer uses a simple device susceptible of a 
similar movement parallel to tlie driving shaft. The displacement 
13 hole used to compiess the oil contained m a small box and by 
measuiiiig this piessm'e the jiower consumed in the transmission may 
be determmod 

Ernoult pioposes to increase the efhciency of sprhigs m a very 
rational maimer He remarked that when coiled steel sprmgs are 
submitted to torsion, foi spinigs of equal weight, those of hollow wire 
worked liettei than those of solid wire Accordmgly he was led to 
constmet helical, tubular springs, which for equal strength are much 
lighter than oidimuy spiings of the same form ^ For springs made of 
superposed strips, he mcreasod the resistance to bending by substi- 
tiitmg foi the material of rectangular section that which has a slight 
transverse curvature 

Capt. Largier ha,s constructed an apparatus which he calls a ten- 
siometer, made to indicate the tension of a piece of wire. The deidce 
-consists in. (Jausmg a definite length of the wore, limited by two 
bridges, to vibrate and then finds what the length L must be in order 
that the vibration may have a certain definite pitch From this 
value, the well-known formula for vibrating strings allows the calcu- 
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lation of tho teusiou per square millimeter of cross section, a tension 
wlueh is proportional to Tho inventor believes the device will 
be of mipoitant service in aviation. It mdeed permits the logulation 
of the tension of each vnio of an aerophino and furthei- allows one to 
see how to vaiy that tension in iiic tests made in tlio work shoji Such 
tests would consist in oveiturnmg tho aeroplane and scattering sand 
uniformly over tho ivmgs suhicient in amount to produce tho equiv- 
alent wind jiressuie in flight. Then by means of this tensiometer 
each vnre would be tested and the weak paits consequently found 

Tho journal La Tcchiuque Modorne in 1910 opened an inquiry into 
tho fatigue oi metals Tho lephcs received to tho questions have not 
always bc'en coucoidaiit, but Cbarpy, after analyzing and discussing 
them, behoved ho could state tho foUoivmg conclusions. Fimt, tho 
alteration m the metals remains iiogligeablo until tho deformation 
passes a ceitam lunit, second, the cause of the alteration is ahiiost 
always a local and progressive condensation and hai'denmg Con- 
sequently it IS important to so deteimiuo tho dimensions of tho piece 
as to avoid pi'rmanent defoimation at certain points, tliird, a close 
examination of the foim and appearance of each piece tells when it is 
becommg bad. The quantity of metal must be determmed with core 
for all parts of the constiuctioii It is necessary to avoid all altera- 
tions at the moment of pnttmg the apparatus into operation and to 
be sme that each piece keeps its integial foim so as to jneveut any 
necessaiy accidental and haphazard repairs The ngoious apjilica- 
tion of these iiiles wiU doubtless avoid those catas trophies which we 
so much deploie 

Along tho same hue, Boudouiu'd sought to see whether tho altera- 
tion in metals could not be revealed by tlio study of the damping of 
then’ \nbrator3'' movements, A sutliciently long vibiatoiy move- 
ment tinally luptures a piece of metal Boiidouard found that tho 
number of vibrations necessaiy for rupture vaiied inveisoly with the 
Carbon content of steel. Up to the present, howevei, he has not 
succeeded in shoivmg cleaily tho relation of tlie microscopic structure 
to the dampmg 

It has been known for a long wlule that a metal could be easily cut 
with a cu'cular saw without teeth provided tho disk had a sufficiently 
rapid rate of rotation. This process has received a new application 
in the Ryemon Laboratory at Chicago. A saw 1 32 meters in diam- 
eter, turned by a dynamo of a 100 horaepower at 2,000 turns per 
minute, cut in two 610 millimetei's of T iron Tho saw, made of steel, 
turned in an envelope ui the mterior of which the saw was constantly 
bathed with cold water and the sheaf of sparks was caught in a 
trough of water at the side of the machine. The cut metal seemed to 
undergo a real fusion due to the intensity of the heat developed from 
the friction The feeble heating of tho saw is explained by the fact 
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that each of its pointa remained in contact with the cut piece only dur- 
ing a veiy short time and during the rest of the rotation was citiier in 
the air or in a cojnous water hath, 

VII THE SUIENTIFIU ORGANIZATION OF THE WORKSHOP 

Under the title, “The prmciploa of the scientific organizalinn of 
workshops,” tho Anierican engineer, Taylor, the well-lsJiown inventoi 
of the rapid-cuttmg stoela, has published an interesting tieatiso, a 
French translation of which with a preface by TI T^e Cbateher, 
member of the mstitute, has just appeared I'aylor discusses the 
means of augmentmg the output of woikshops without incieasnig 
the fatigue of tho woikmcu He shows that the product of each 
workman depends upon a great number of mdepondent factors, 
amounting, for example, in the case of metal tiirnmg to 12, and that 
the worlanan by amiplo trials can not discover iho most advan- 
tageous values of the.se factoia The study of the workmg of metals 
alone cost Taylor 1,000,000 francs ($193,000) and 25 ycais of expe- 
rience. That was a very complicated case A much more simple 
method and one indicating tho purpose of the author is tho follow- 
uig In taking his bricks and 11101 tar and puttuig them in place, a 
mason customarily makes fivo times as many movements as are 
nec(;^ssarj^ By modifying tho scaffold and freeing the mason from 
umiocessaiy steps in these maneuvers the pioduct was tnpled m 
Philadelphia 

Belot, the state director of manufactures, is busy with the system- 
afcio organization of manufactories An article hy him in Ija 
Technique iModerne gives the following prmciples ivhicli are tho 
result of his observations' Fu'st, the pimciple of discontinuity. 
Each time there is a disconthiuity in tho speed of the cnculation 
of matter under construction there mil be a dunmutioii of the indas- 
trial output of tho macliino or mechanical corabmation under con- 
sideration and that dmiiuution will be proportional to tho vaiiation 
of speed Second, thO principle of best speed and of tho moan 
maximum dohvery. In a machine or a work shop the size and the 
speed of a mechanical cycle used will be didei mined by the best 
speed for the process in use, and the numbei of cycles will be deter- 
muicd by the mean maximum dehvery lo bo realized. 

It is desirable that tho attention of worlcshop foremen be brought 
to questions of this kind, winch are of the utmost impoitance and 
the solution of which should not be left to chance 



REPORT ON THE ItEOENT GREAT ERUPTION OF THE 
NOLCANO “STROJklBOEI ” 


Ev Fr^nk a PhiturT,' 

Volamoloqisi to tiu Vokunic Rpicanh Rorwti/ of SpnnyfieJJ; Mm 


[WitJi 0 platoq ] 

I liavo the honor to present, ns yon rcqnobtofh Ihc foUomn^ report 
on the lecent remarkable eruption of Stroniboh, and particularly for 
the following reasons . 

1 This eiuption, together with the Inst one in 1007, difteia k) grtatlv from the 
characteristic activity of Stiomholi as to tnouk a now era. in tiie volcano's ernpti'.e 
habit 

2 The eruption, although certainly the greatest in mar 3 ' -'i . ' t ’ - ’ ^ 

lives of the 6,000 inhabitants of the island, passed almost ■ ' ,i 

3 The VTitei, as well m 1907 oa in the present year, was the only obicner The 
Italian volcanologists in both cases visited the island only after the close of the 
eruption 

Slromboli, at the northeast extiemity of the Lipari grouj) of 
islands, noith of Sicily, appeius as a small volcanic cone using but 
925 meters (3,033 feet) above the sea It should be i emeuilierod, 
however, that what is seen is but the sumimt of a submarmo inouii- 
tam of great size and height Its general form is shown in plate 1, 
figure 1, the principal characteristics hemg a divided and crested 
summit, an eccentric crater situated iieaily 200 metei's below the 
summit, a steep slope (35°) descemling directly from the crater to 
the sea (the so-called "SoiaiTa del Fuoco”), and two plateaus on 
opposite sides of the island from the crater which foinv the inhabited 
and only habitable points. 

The cratei is thus mwisible 1o the inhabit 'inls mid, wlule this 
nndoubtedly contributes to then seeuj-iiy and iiaa(|ui]li’-v , it is often, 
nevertheless, the cause of their lirnoiaucc of the voJe.ino’s condition 
especuillv a.s logpidi the. preparatory syuipLoui'. of an ci notion. The 
old seuuiphore '-.Tnnmi on Punta I nbronzo vvm well phu cd for obser- 
vation but %vas abandoned after the Calabrian earthquake of 1906, 
by which it was badly damaged. The new station above the town 
of San Vincenzo 13 not in sight of the crater 

1 Koiwrt to Mr Handley, \inPrlcon cousQl at Nople., Italj , Oot 2b, iai2, tiiansKilUeJ to ma SuitOi- 
sonlau Iii'iUtuUon by tlic Dciwrtinent o( state Deo .lu, 1612 
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Durmg the pieaeiit geueiatiou the normal activity of tins volcano 
has, ijnt]l the Gveiits herein described, consisted of a model ate hut 
almost continuous form of eruption with jets, at fiequent mtorvals, 
of incandescent fiagments of lava yielding an jllummation so legular 
and brilliant as to have earned for Stromboli the titl§ of “Lighthouse 
of tho Mediteiranean ” Thoro was no crater, propeily so called, hut 
a shallow depression wheie a crater should have been — that is, 
undoubtedly a fiUod-iip foimer cTater — ^with a number of small 
eTuplive months generally arranged along tho edge of the depression 
toward the sea It will he seen that I do not claun that the present 
great crater, as described below, is a new tiling in the hfe of the 
volcano, but that it is new to the present generation 

In the spring of 1907 the normal activity was broken by an erup- 
tion of great violonco, which threw tho inhabitants into a state of 
panic The explosions were so sharp that tlie air concussion broke 
nearly oveiy ivmdow on tho island. The lava was thi-own out m 
largo masses so holi as to retam its plasticity and be conformed to 
the suifaco upon which Ihe mass fell, as shown in plate 1, figiue 2 
Tho eruption lasted seveial weeks and produced a tiue crater 200 
melons in diameter, and tho eruptive mouths, with no exception, 
were sunlc to the bottom of tins abyss 
That they still existed and acted as separate mouths was proven 
by tho varied character of the explosions and the diffeieut time 
intervals. There was also a most mteieatmg rhythmic change from 
ft type of ex^dosion with the lava high in the conduit and in fiqe 
contact with tho atmospheie, when the cloud of ejected materials 
consisted of incandescent lava fragments (bombs) and clear vapors, 
to the opposite type of dense black volutes of ash fiom the collapsed 
wail material as the lava colimm sank below its former level. The 
difference between the two forma of explosion, Icnown technically 
as “Strombolian and Vuleanian,” was even more clearly defined in 
tho eruption of 1912 and is clearly shown m plate 2 A considerable 
emission of ash having a stiongly acid reaction ruined tho giape 
crop for that year (1907) and the unfortunate mhabitants besought 
the Govenimeiit, through the local municipal delegate, Signor 
hamularo, to send ships in case it seemed necessaiy to abandon the 
island A cruiser, the Piemonte, and several destioyers were sent 
and it fell to me to assume the grave responsibility of assuring Com- 
mander Presbitero that tho cuhnmation of the eruption was passed 
and that, althougl l some rmnor revivals of activity were to be expected, 
there was no fuiiber canto for alarm. Upon tho strength of this 
he received permission from the Government to u iihduuv i)M sni[):' 

A brief account of this eruption was published m the BiiUethi of 
the Brooldyn Institute of Arts and Sciences This eruption of 1907 
left, as I have stated, a deep crater 200 meinrs m diamctor and was 
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followed by a long period of almost complete repose, this constituting 
quite a rudical cbaiige I'loin (be foregoing habit of Stromboh and 
imitating the modus oporandi of uthor volcanoes, such as Vesuvius 
and Etna. Durmg this pciiod not the least ghiinnei of light was 
to be seen at the iiater and when 1 again visited the volcano in 
1909 it was still in a state of quicscenco. In tins connection a fact 
of general interest may be iiu'utionod Some years jirevious to this 
time a project was on foot to ciect a lightEmse upon “Sliombnhc- 
chio.” This is a monolith of lava (pi 3, fig 1) rising 5(J meters 
above the sea at a shoit distance from the island In my opinion 
it IS a volcamt “neck,’’ that is, the solidilied lava which existed in 
the conduit of a small volcano foimerly active on tins spot, the 
cone of which, formcHl of fragmentary mateihils, has been destroyed 
by centunes of weatheiing, lea\ang the solid core as a mominumt to 
Its former existence, A flight of steps was out from the sea level 
to the top and the top itself was leveled, but the piojecc was aban- 
doned, as 1 am infoimed, procisely because the illummatiou from 
ytiombuli foimed a better lighthouse than any winch could be 
consiiuctcd by man. Upon the failme of the volcano a light was 
needed and a lighthouse is now to be erected upon Strombolicchio. 

The eruption of July-August, 1912, was, on the whole, greater 
than its predecessor and was initiated by a continuous series of 
violent local earthquake shocks Ihese undoubtedly wcio duo to 
a conduit partly obstructed by lava which, had consolidated thoioiu. 
Tins was ejected m solidified furin, as contradistmguished fioin that 
of 1907, in u'iogular blocks of all sizes up to two meteis m diameter. 
One of those, shown in plate 3, ligure 2, fell 500 meters distant from 
the cratei The rock is a compact, bastdtic lava contammg n. con- 
siderable proportion of ohvine 

Besides this lock the chief product of this eruption was the enoi- 
mous quantity (for Stromboh) of ash. This reached a depth of over 
2 metei's on the iippei parts of the mountam, as shown by the photo- 
graph (pL 4) of a stone shelter built near the summit to shelter 
obaei'vers of the target practice of the fleet In the towns the flat 
roofs were covered to a depth of 6 to 8 centimeters and, in contrast 
to that of 1907, this ash was alkaline but no less fatal to gi’een vegeta- 
tion, As long as the fallen ash leraains dry it is harmless and aheavy 
rain is innocuous, as it washes the ash from the leaves, but if the ash 
on tlie leaf is moistened by the dew or a few drops of rain the soluble 
materials are extracted and attack the leaf, generally affecting one 
or more sectors, as shown in plate 5. 

Erom the standpoint of the volcanologist, the most interesting 
feature of this ash is the fact that it is constituted almost entirely of 
new material — i, e,, it was formed dhectly from hqiud lava by inter- 
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molecular gaseous expansion and not by lire cruslung of old roclm 
nor by the collapse of crater walls. This forms a stiilang example of 
the process of ash making as described in a papei by the present 
wntcr entitled “Volcamc vortex nugs and the direct formation of 
ash from liquid lava” and which appeals in the November issue of 
the Ameiicau Journal of Science Dunng tins oiniption the explo- 
sions, although vciy powerful, were not sufficiently shaip to produce 
the phenomenon of the “flasliing arcs” as observed by me at Vesmaus 
(19061 and Etna (1910) and described in the American Journal of 
Science 

In addition to the solid blocks and the ash, a vciylaige quantity of 
porous, vitreous sconte or “lapdh” were ejected Tliese were of the 
same material as the ash and containing iii some cases inclusions of 
already formed crystals of angite In faffing, they weio still plastic 
to tho extent of conforming to the forked brandies of llie Genesta 
plants and even to be impaled upon the sjnnes (pi. 6) 

This eruption was veiy instructive A careful study was made of 
the groat ‘‘mushroom vortices” (pL 7, fig 1), by ivhose mechanism 
heavy roeks are earned to a great height and then thrown to a dis- 
tance by the vortex wlurl 

Some idea of the ciater, .300 meters m charaeter, of this eruption 
may be had from plate 7, figure 2. 

On several occasions, including the piesent one, the wnter has been 
completely enveloped for L5 or more mmules at a time in the cloud 
of gas and ash proceeding threctly from the crater of a volcano during 
a paroxysmal eruption, In eveiy case there was no noxious gas — no 
HCl, SOa, II,S, CO., — ^iu preceptilde amounts, although these are 
present m distressing quantities during phases of nunor activity. 
The conelusion is inevitable that the paroxysmal gases — i e , the gases 
wlucli produce a gieat eiuption and which have been the cause of the 
formal, ion of volcanoes — consist mainly of the same ingredients as 
atmosplieiic air Under the above mentioned circumstances I have 
found only a sligiit feehng of oppression, which may be due to the 
lugh terapei'ature or possibly to a sbght deficiency in the proportion 
of oxygen due to oxydalions dunng tho subterranean travel of the 
gases. 

These two eruptions prove that Stromboli shares in the general 
increase of activity of the Italian volcanoes 

Mount Etna is prepanng for a great eruption. 

BATA OE THE ERIIPTIONS 1907 AND 1912. 

1. The ash of 1907 was acid, that of 1912 alkahne, both noxious to 
gi'een vegetation 

2. The paroxysmal crises of both eruptions corresponded with the 
limi-aolar phases, to wluch Stromboh is very sensitive. 
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3 The a&h emission of the 1912 eruption was iiccompamed by 
stiong electrical manifestations, the volcanic liglitnings being vivid 
and ahnost incessant 

4. The products of the fumaroles of this eruption, collected by the 
writer and analyzed by Di Henze, of the Naples Aquarium, consist 
pnncipaliy of iU, Fe, and Mg, c.ombineil with IhSO* and IK'l. 'I'hevr 
gaseous emanation, as tested on the spot, ivaa chiefly SO, aiid a 
trace of ILS 

5 The eruptive months are six in number and have been desig- 
nated by the wntci with the letters A to F, inclusive 

6 The eruption proper lasted from July 22 to August 14, 1912. 

7 The crater of 1907 was 200 meters in diameter, very deep, and 
the throat of the volcano was left quite free, pennittmg the gases to 
escape qiute continuously after the eruption 

S The eruption of 1912 enlarged the foimer ciater to 300 meters 
and left it partly filled with coUapsod cono niatonul This tends to 
ennfino the gases until they break through at inteiwala and form an 
ash cloud, giving the impression of a grealci actndty than really exists. 

9 The paioxysmal gases, as at Vesuvius m 1906, had approxi- 
mately the composition of atmosjiheric air 



THE GLACIAL AND POSTGLACIAL LAKES OF THE GREAT 

LAKES REGION ^ 


By Fbank B Taylor 


GENEKAL STATEMENT 

The Great Laurentian. Lakes, or the Great Lakes, as they are com- 
monly styled, aie a gi’oup of valleys -vyluch have been turned into 
lakes Geologically speaking, the lakes themselves are new and 
youthful forms, although the valleys in which they lie are much older. 

Tlie basins of the Great Lakes were once valleys with free drainage 
and no lakes, like the Ohio Valley of to-day The events winch 
changed them intp water-filled basms were apparently associated 
with the glacial penod, and are therefore of relatively recent date. 
It is the later pait of the Great Lakes history, comprising the glacial 
and postglacial epochs, that has engaged the attention of students 
moat, because the facts relatmg to that part are the newest and most 
numerous But m any comprehensive view, the fact should not be 
overlooked that the Great Lakes, or rather the basms in which they 
lie, had a long and complicated history befoie the glacial period and 
alao a complex interglacial history Only the mam outlines of the 
earlier epochs are known at the piesetit tmie, and it will suffice to 
,„ennmerate them here briefly. 

■' ' PRBGLAOIAL niSTORY OP THE VALLEYS OP THE GBEAT LAKES. 

PHASES OP DEVELOPMENT 

The pieglacial history of the Great Lakes is smiply the geological 
history of the region. For convemenco it may be divided into three 
epochs, each one dommantly, though not exclusively, characterized 
■ by, a paidicular phase of development. TIic first was tlie epoch of 
.sedimentation or Pnleozoic strata buflding- the eoiw! ructional epoch ‘ 
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the second was the epoch of land elevation, causing increase of alti- 
tude and inaugui-ating erosion— the epoch of emergence, and the 
tliird was the epoch of erosion or valley nialong — the destructional 
epoch. These three epochs are not sharply and completely marked 
ofl from each othei, although they may appear to be so m some parts 
of the Great Lakes area For example, m the northwestern part, 
uplifts prodnemg emergence of land areas occurred while in much of 
the region of the lakes farther east, sedimentation was still going on 
unintoiTupted. Whatever land was then raised above the sea was 
attacked by the forces of erosion. Thus, to some extent, sedimen- 
tation, elevation, and eiosion were all gomg on at one and the same 
time But the successive donimance of the three processes diatui- 
guishcB fairly well the tlmee phases of development 

OUTLINE OF GEOLOGICAL HISTOEY OF GEEAT LAKES EEGION 

It IS well Itnown that the basma of the Groat Lakes lie ohiofly in 
depressions that were formerly filled and completely occupied by 
Paleozoic strata. While these strata were being laid down the whole 
region, excepting, perhaps, part of the Ai’chean area south of Lake 
Superior and some parts of the plateau north of the Great Lakes, 
was under the sea The rocks that filled these basms have very dif- 
ferent characters in different beds. There are* conglomerates and 
sandstones, shales and lunestones, and in some places igneous rooks. 
Each one of these classes of rocks has many varieties with more or 
less variation m hardness and chemical properties, and these qualities 
exercised an important influence upon the rate and manner of disin- 
tegration under the forces of erosion The formation of the Great 
Lakes basins has thus been dependent to a large degree upon the 
character of the strata out of which they have been excavated— upon 
then' relative hardness, thickness, and arrangement 

This was the constructional period m which nature was getting 
ready for the subsequent makmg of the lake basms The basins 
themselves, however, did not begm to be made until another gi’eat 
event in geological history had taken place — not until a change 
occun-ed in the relative attitude of the land and sea. Beginning at 
the close of the Paleozoic era there came an epoch of great earth 
movcTUonts afTcf-ting all of the eastern part of North America, includ- 
mg flic wJiolo of the Great Lakes region. In consequence of this the 
land now occupied by the lakes was Mted out of the sea to nu altitude 
csimunod by smpe to be relatively 2,000 or 3,000 feet iughcr than iis 
present ahiiiuL. This was the time of the uplifting and folding of 
t'l.) Appidacluau Mountains. This process probably occijpicd some 
thousands of years, but m a geological sense it was a relatively siiort 
time. 
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There is evidence, also, that there were some earlier movements of 
less extent affcctmg the region of Lake Superior and the northern 
paa.'t of Lake Huron especially, which probably made land surfaces 
of limited extent before the great movement which elevated the 
whole region 

THE MAKING OF THE GEEAT LAKE VALLEYS BY STREAM EROSION 

The forces of siibaenal and stream erosion attacked the surface of 
the land as fast as it was raised above the level of the sea, and the sea 
itself, with its waves and tides and currents, attacked the new land 
all around its shores. Rain and frost, wmd and sunshme and the 
various agents of chemical decomposition attacked every part of the 
new land suiface. Most effective of alhwas the water that gathered 
mto flowmg streams. All of these, great and small, did their share 
m tearmg down and sculpturmg the new land — m oarvmg valleys, 
hills, and mountams out of the elevated mass. Each one worked 
with an efficiency dependent upon its volume, the rate of its descent, 
the character and quantity of sediment carried and upon other 
factors. The fii-st shapes of the newly emerged land determined the 
first drainage systems, but as the work of erosion went on the effects 
produced were greatly influenced by the vanously xesistent characters 
of the rocks and their relative position and aiT^ngement 

In the buildmg of the stiata out of which the lake basuis have been 
excavated, it happened that the region now occupied by the greater 
part of the basius was for the most of the time not adjacent to the 
shores of the ancient seas so as to receive coarse sediments, but was 
offshore some distance from the land, so that the sediments received 
were mamly of fine toxtm’e, mud which afterwards became shale, 
and limey ooze which aftoinvards became limestone Conglomerates 
and sandstones indicating shore conditions or shallow water near 
shore occur, but are not common m the lake basms Limestone 
does not rank as a hard substance m the scale of mmeral hardness, 
but compared to the shales it is sometimes a hard, resistant rock, 
especially where it occurs in massive form and in great thickness. 
In the buildmg of the strata it happened that, stretching westward 
and northwestward from central New York to northern Michigan, 
there was a group of beds whose arrangement and relative harduess 
predisposed them to imequal "erosion and the formation of valleys 
bounded by great escarpments In New York the Lockport Imie- 
stone of the Niagara group is a massive bed of the hardest quality, 
150 to 250 feet thick, wMe below it are shales and sandstones — 
chiefly shales — much softer, but containing two relatively thin, hard 
layers of Clinton limestone These lower beds are several hundred 
feet thick Then, again, above the Lockport hmestone, are th» 
f’ ' 86360°— SM 1912 20 
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voiy soft, marly, salt-bearing beds of the Salma formation, generally 
200 or 300 feet in thickness. The selective processes of erosion led 
the streams to attack the softer strata with greatest effect, while the 
harder limestone resLsted and formed the great escarpment which 
now chaiacteiizes it, from New York to Wisconsm, Extensive val- 
leys weie eioded in the soft roclts below it and the limestone ledge 
Y/as driven back as fast as it was vindenmued Other valleys were 
also excavated m the soft shales above 

Thus, Lake Ontaiio, Geoigian Bay, the northern channel of Lake 
Huron, and Gieeu Bay were excavated out of the soft rock below the 
limestones of the Niagara group, while Lake Erie, the main body 
pf liake Huron and all of Lake Mchigan were excavated out of the 
soft stinta above the limestones. Lake Superior appears to be some- 
what exceptional It is thought to be largely an original rock basm, 
or perhaps a syncUne out of which the soft roclcs have been eroded 
These softer rocks were probably mainly those that he below the 
lunestone of the Niagara group. 

Thus, the shape and size and arrangement of the lake valleys 
were prunanly dependent upon the geological structure — upon the 
relative ]iosition and thickness of the soft beds and the distribution 
of their exposed parts. Where the soft beds were exposed to effective 
stream eiosion they were removed more rapidly than the harder 
roclts, and thus became the mam valleys of the region. 

In the present attitude of the land the Paleozoic strata dip dis- 
tinctly hut gently southward m the basm of Lake Ontario, south in 
the eastern part of Lake Erie, and southwest and west m its western 
part; toward the southwest in the mam part of Lake Huron, but 
toward the south m the northwestern part of this basm, toward 
the south m the northeastern part of Lake Michigan, toward the 
east m the southern part, imd toward the south m the peninsula 
east of Marquette, while farther west the older rocks bordermg Lake 
Superior on the south dip steeply northward toward the axis of the 
basin and the dips are various m other parts. 

That these valleys were going thi'oiigh the process of development 
by erosion during practically all the time from the close of the Paleo- 
zoic to the begmnmg of the glacial period seems not improbable. 
lUdeed , the time must have been very long to have made s u cl i c 1 endive 
yalleys by so slow a process. It might be thought IhiU soitc inovc- 
nieiit of elevation or -tilting had turned these old vallevs Imo lake 
bftains loug before tlu' iiine of the Ice Age, but no certain evideuee 
indicatmg y, cliinigo has been found. Up to, or I'oarh to, ibe 
begmnuig of ihc Ice Age the valleys appear to ha^e Jiad complete 
drainage by rivers and held no lakes. 
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THE GREAT LAKE HASINS IN THE SUCCESSIVE GLACIAL AND INTER- 
GLACIAL EPOCHS 

The glacial period as a whole has been found to be made up of 
four (or possibly five) distmct epochs of glaciation separated by inter- 
vening warm periods when the ice sheet either shrank to relatively 
small proportions or disappeared altogether The last ice sheet 
deposited what is loiown as the Wisconsm drift It seems certain 
that the depressions which constitute the lake basins were involved 
in each one of the several glacial epochs, and yet all the liasms, ex- 
ceptmg perhaps that, of Lake Superior, retam very distinct characters 
winch belong to stream-eroded valleys. Indeed, except for the 
di’ift deposits and effects produced by tdtmg, it may almost be said 
that they show no other characters. All the changes produced bv 
the several glacial mvasions have not destroyed these characters noj’ 
obhterated them to any great extent. Li fact, when the last ice 
sheet crept from the north doivn mto the lake basms it appears 
to have found them m almost every detail the same as they are to-day. 

Ho doubt the events of the lake history which occurred dining the 
advancmg phase of the last ice sheet, as well as m the earher glacial 
epochs, are matters which would be of great mterest and importance 
if they were accessible; but they seem destined to remam in obscurity, 
because the record made by the ice at the climax of each mmor move- 
ment of advance was contmuaUy bemg overridden and obliterated 
by later and more energetic readvances, and, furthei, m the region 
of the Great Lakes the drift sheets of the older glacial epochs were 
almost entirely overridden by the later ones 

THE GREAT LAKES DURING THE RETREAT OF THE LAST ICE SHEET 

The foregomg is a brief outhne of the complex history of the 
Great Lakes down to the time 6f the maximum extension of the last 
or Wisconsin ice sheet It is only when we hegm to follow the retreat 
of this ice sheet across the lake region that we come upon that later 
phase of the lake history which is so clearly and completely recorded 
in the present surface deposits. This part of the histor}- is spread 
out upon the surface of the lake region hke an open hook. An 
immense body of facts has been gathered hearing upon it and this 
gives us a fairly full knowledge of its detafis, with the promise, 
through continued exploration, of stiU more detailed knmvledge. 

This part of the lake history has its own complexities and these 
arise from several different causes First, from the oscillating man- 
ner of the ICO retreat, which was nccompnriod by many penochc 
noinor movements of retreat and rciuU'jitKe, bocond, from the iiTeg- 
ukrities of topography which ch i.iacimi/e^ liu' lake region, third, 
from the direction of the general retreat of the ice across the lake 
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basins; and, fourth, by differential elevation of the land during and 
after the lee occupation, the maximum elevation occurrmg in the 
north and producing several changes of outlet. 

The combmed effect of these and other less important factors pro- 
duced a complex histoiy, not only as expressed by the distribution 
and lolations of the various drift forms, but also by the remarkable 
effects of the ice sheet upon the associated drainage It determined 
the location of great rivers which flowed only temporaifly from the 
ice or along its border and produced lemarkable sinf tings of their 
courses. Its most noteworthy effect, however, was the production of 
a complex succession of shiftuig and changing lakes — enlargmg, fall- 
ing, shrmlong, combining, dividnig, and rising lakes — of large extent, 
with frec[ucnt changes of outlet, and commg at last to the lakes as we 
find them to-day As investigation has inclmed more and more to 
details and has covered an area of mcreosing extent, it has been found 
that the succession of changes involved m the later lake history is 
much more complex than was formerly supposed 

THE SHKINSAGE OP THE ICE SHEET INTO THE LAKE BASINS 

In one of its earlier epochs (the Illinoian) the ice sheet covered the 
entire legion of the Great Lakes, the only exception bomg the well- 
kriown driftless area which lies chiefly m western Wisconsm This 
oi'ea IS m the angle between Lake IVIichigan and Lake Supenor, but 
does not comprise any pait of the di-amage basm of either one of them. 
As the ice sheet moved southward the lake basins naturally offered 
the easiest Imes of flow and the high lands between the hasms were 
areas of greater resistance and slower flow. But when the ice 
attained its maximum, rcaclung nearly to Cairo, 111 , some 20 miles 
across the Ohio Kiver at Cmcmnati, and to Beaver Falls, Pa , the 
lake hasms became relatively unimportant m their effect upon the 
ice movement, for at that timo the ice overwhelmed them all, mclud- 
ing even the high lands between them As it retreated, however, 
the relative importmice of the lake basms in controllmg the ice flow 
increased rapidly and by the time the ice front had withdrawn to the 
most southerly pomts of the watershed of ihe lake basms it had 
taken on lobate forms of a most pionounced type In the, latest ox 
Wisconsin epoch of glaciation the farthest extension of the ice did hot 
reach so far south in the region west of central Ohio as it had before. 
In Illniois it reached only about half way from the shore of Lake 
hhchigan to the Mississippi and Ohio Rivers Beyond this the older 
drift shows now only occasional ridgmgs suggesting terminal morainm. 
The great moramo system which is conspicuously rcJi. Led i o the ba-uis 
of the Groat Lakes belongs to the Wisconsm or lafcsj glai mtion. A? 
the ice diew hack, each lake basm, at the time of most pronounced 
lobation, had its ice lobe which conformed to the outlines of its 
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soutliern part witli remarkable fidelity. The morames laid down 
along tbe maigm of tbe lobes at this stage are rongbly concentric 
with tbe basins and nearly parallel with their southern shores. A 
diagrammatic representation of the outline of the ice border at several 
successive positions is given m figure 1. 



Era 1 — DrAOKAMMATic BEpEESBirrATioN OS auccBsarvE rosrrioNs off ice boedeii 
By Erank Leverctt and FrankB Taylor.1910 (Dataforeastern Wiscouslnfroui Alden and Weldmau ) 


COMPLEXITIES OF LAKE HISTORY CAUSED HY STADIAL OSCILLATIONS 

OF ICE FRONT 

The peiiodic oscillations in the retreat of the Wisconsin ice sheet 
introduced a peculiar complexity into the lake history. The stronger 
or pruicipal recessional morames, called stadial morames, mark rela- 
tively long intervals of time — several hundreds of years, perhaps 
more than a thousand. Each whole period of oscillation is involved 
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in a stadium and a stadial moraine marks the forward climax of one 
of these periods The readvazlce to each stadia! moraine covered a 
veiy considerable distance, certainly in some cases 25 to 60 nules and 
perhaps twice as much The long mtervals of time between these 
moraines account perhaps to some extent for the commonly observed 
discordant i elation between them. Each stadium m turn is marked 
at periodic intervals by weaker morames which are superposed upon 
the stadia These maik subsidiary halts or perhaps slight read- 
vances, and there is a numerous senes of them in each stadium. 
There was, however, only a slight movement of readvance associated 
With these mmor stadial moraines, and they record less strongly 
moi'ked and shorter periodic climatic vaiialions. 

The most important oscillatory variation in the retreat of the ice, 
so far as its chect on the lake history is concerned, is the stadia! 
oseiilation Its relatively long period and the wide space covered each 
time by the movement of readvance make it the chief cause of com- 
plexity, for after lakes were lowered by a retreat of the ice the stadial 
readvance was likely to close the outlet last opened and reelevate the 
lake to a higher level. Three tunes, certainly, and perhaps four or 
five tunes, this kmd of change affected the waters of the Huron-Erie- 
Ojitario basin During several oscillations the ice front stood m 
critical relations to the land harriers that held up the lakes and changes 
of relatively slight amount m its position opened or closed outlets 
and changed the level of the lake waters 

'Considering the apparent character of the glacial oscillations, it ' 
seems necessary to take account also of the halts of the ice front at 
the backs tops or climaxes of retreat These probably affected the 
lakes and lasted as long as did the halts on the stadial moraines j 
which mark the climaxes of advance. In one case at least there is i 
remarkably clear and complete proof of the long duration of a par- f 
ticulai lake stage which existed during the pause at a backstep or i 
climax of retreat f 

5 

BRIEF OUTLINE OF THE GREAT LAKES HISTORY DURING AND AFTER I 
THE RE('ESSION OP THE LAST ICE SHEET ' 

THE FIRST SlIALL LAKES 

As soon as the ico front withdrew to the north side of the southern i 
watershed of the Gieat Lakes, small ice-dammed lakes began to he 
formed In Ohio a number of such lalces appeared along the north, 
side of 1bo divide .south of Lake Erie It seems a neer ssary inferenee 
that m ouusequence of the stadial osciilaLions of the v c ruanv of iIjO'I* 
earliest small lakes werefh’st formed al iin es.t"(mi('po^uionr'f:ei'’c‘at 
and tlien oven iddi n s^ul oblncraied In die lU'M readvance indaedj 
ill some cases Uiis uuiy have occuiicd two or du'eo times before the 
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early begimiings of the larger lakes became well established. There 
IS some evidence of this sort ol development at J'ort Wayne, Ind. 

The earliest small lakes discharged at first southward iijdependently 
through several gaps m the divide, a little later they fell to lower 
levels and discharged westward to a lower gap, and :^ally into the 
first small, narrow representative of glacial Lake Maumee. Mi-. 
Leverett has aheady described these earliest lakes m Ohio.^ Others 
of somewhat similar origin were formed along the east side of the Lake 
Michigan basin Wmchell ^ has described a series of small lakes that 
^preceded the larger lakes in the western end of the Lake Superior 
basin 

So far as has been made out by the study of the moraines, espe- 
cially with reference to their contmuity from one basin to another, 
there seems to have been very little difference in the time when the 
larger lakes began to form in the western end of the Lake Erie and 
the southern end of the Ijake Michigan basins When the ice front 
had withdi’awn to a position a few miles north of the watershed at 
the south end of Tjake Michigan and was building the later members 
of the lake-border group of morames, there was a long, slender, cres- 
cent-shaped lake between the ico and the land This was the begip- 
ning or first stage of the glacial Lake Chicago (fig 2, position M). 
Similarly, when the tee front had retreated lo a jh)-.iiiou a litile ea-,! 
of the watershed at Fort Wayne, Ind , another long, n.ui'ow, (To^cenf- 
shaped lake, called glacial Lake Maumee, iva- foirrud bet ween the 
ice and the land If the morames have been rigliiU- iiuerpii'tcd 
these two lakes came into existence at about die -fiine tnuo. A ihud 
lake of the 'jame kind was formed in the same v ..v at the wtsiciu (mhI 
of Lie T..ake Superior ba'-iu, when the Lake S^ipono] i e lobe first, 
-hrank wiilun ihc bne of tlie watershed wen of Du huh. 'i'he tunc 
of 11 s fiiM ii[)[)t'aiauci' i(ialj\ e lo the first lakes foiinod ai riucago uiid 
Fori Waiiie -huwn 1)\- lunerett’s work in 1910 to be con-iJeraid^- 
liiler 

d’wo small lakes, foi'ined jiiobabiy at about itie .-,irue time o.s l.akt's 
Iklaiimec and Chicago, gathered in front of the (Ireen i}a\ lobe of the 
ice ‘.111 cl in Wiscoii-in and discharged, the one soiuliwai’d lo Ko(,k 
River aiul die ('lh.‘! Miiithwestward to the Wisconuii Tliior, 'Ihise 
hike'=, liowcvoi did iioi ha\o an mdependem cvisreni'c long They 
-,0011 nulled in one body and when the relrcaiirig loo opened a 
])a,s^)ige cii'=tward lo ilii' .biu-^iri of Lake Micliigaii imrged wiihT.ako 
( b'eago 

FiOin Lhe-e four lehuivcly ^mall begiumugi lliore grow a senes of 
ghu n! lakes die like of \ luc^i, for size and c oi iplitared lii'tor} h 

Ic\Li I, Ir'i 111 ! , rrii'-L, on-, nil, 1 (iialaage features of thj I lO ,.ii 1 O ',0 1 ‘kI[ 1£ MiVio L S 

Gou iiii ' o! I'-i,*, I, > 

■•Wlieill, N 11 Vila iiIl'KiioilLiMCiOi,-' Geol Soc. Am, Bii" ul j', I.Ci,pp s.n.12;, 1 pi 
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GLACIAL LAKES OF THE HtTRON-EKIE BASIN 

The lowland which, stretches from Lake Huron southward to Lake 
Erie was abandoned by the ice sheet m the middle stages of the devel- 
opment of the glacial lakes, but contmued to be coveied by the lake 
waters, so that the waters in the southern part of the Lake Huron 
basin were joined with those in the ba&m of Lake Erie as one, and at a 
later stage this extensive lake was further expanded so as to cover the 
western and southwestern parts of the basin of Lake Ontario 

The succession of lakes m this basin is more complex than in any 
other part of the lalce region. These complexities grew out of sev- 
eral difleient causes (1) The coirfiguiation of the chief elements of 
relief, rcdativoly deep basms separating the higher lands, and the posi- 
tion and varying altitude of the watershed south of the lakes, (2) 
the general dnection of .the glacial letrear and the tiend of the ice 
front with reference to theso features, (3) the stadial osciliafcions of 
the ice sheet during retreat, comprising not only periodic movements 
of retreat and halt, but also alternating movements of lead^ance over 
relatively wide intervals of space; and (4) (especially in the later 
stages) the tiltmg or northward differential elevation of the land 
The atadial readvances mtroduced the greatest element of complexity 
and produced their effects chiefly by closing outlets and raising the 
level of the waters. This occurred repeatedly after the waters had 
been lowered not long before by a movement of retreat 
South of a line passing about 5 miles north of Birmingham, Mich., ' 
‘ and ■fl'Touch .Vlitebuln Ohio, the old beaches of the Huron-Erie 
Vasin are all hori/.oi'inl, north of it they rise gradually iowmd ihe 
north-northeast. The area south of this “hinge” line is knonn ns 
the area oj I omontahty The succession of lake levels will' i p tin.:; .ujea 
i‘, h'.()v M m the table below. The order of occurrence on tin' slope 
is shown by then altitude m feet above sea level, begmnuig v. uh the 
highest; their order in time is shown by the numbers on the left. 
The beacho.s that were submerged and modified by a rise of the lake 
level duo to a readvance of the ice are put in italics 

1. First or highest Maumee, 790 feet 

3 Middle or main Maumee, 780 feet 
, 2 Lowest Maumee, 760 feet 

5. Whittlesey, 735 feet. 

■ 4 Arlcona, 710-694 feet 

7. Warren (Forest), 680 feet. 

6. 'Wayne, 660 feet 

S. ’Gi'assmere, 640 feet 

> 9 Lundy (Dana, Elkton), 620 feet. 



GLACIAL LAKE;S — TAYLOK. 


308 


LAKE MAUMEE 

Lake Maumee kad at least tki’ee distinct stages, and possibly more. 
The stages that are cleai-ly detei mined are as follows 

First stage . — As soon as the ice front retreated eastward fiom the 
moraine at Fort Wayne, Iiid , ifc obstructed the normal northeast- 
ward dramage of the Maumee Valley, and Lake Maumee came into 
existence. The outlet was westward tlirougli the present site of the 
city of Fort Wayne, thence southwestward to the Wabash River at 
Huntmgton, and ultimately to the Ohio and Mississippi Rivers and 
the GuH of Mexico The next stadial moraine to bo formed in the 
Maumee Valley was at Defiance, Ohio (fig, 1 and position M m fig, 2) 
In view of the periodicity and the wide space covered by the stadial 
readvances, it may be regarded as certam that when the retreating 
ice front left Fort Wayne it did not stop at Defiance, but leccdou lo 
a pomt probably not less than 25 or 30 miles east of Dermiice, and 
there halted for a considerable time before readvancmg, Tliu'e >\i're 
also mmor oscillations during both of these movements. 

As the ice retreated from the Fort Wayne morame the labo widened 
eastwai’d, and long arms of water extended eastward into Ohio and 
northeastward mto Michigan between the shiinking ice lob(' and llu' 
land Possibly the lake maintained its highest level and (b'-cini’gi’d 
at Fort Wayne dmmg the climax of retreat, although this doubt- 
ful But during the return of the ice front to Defiance ai'd n-, pau-,o 
at the Defiance morame the lake overflowed at For fc Wayne I'lu' I'u -t 
stage ended only when the Fort Wayne outlet was finally a 1 'andoui'd 

Second stage , — At the next stage the ice front retreatec' ii cor-iul- 
erable distance from the Defiance morame and opened a h/wer oiUbT 
somewhere near Imlay in Lapeer County, Mich Below ihe upper 
or first beach of Lake Maumee there are two others which evuhntly 
belong to this lake. One, which is called tho middle or main bench 
of Lake Maumee, is 15 to 25 feet below the upper or (hst iioacli. 
and is a normal wave-made shore hne of moderate strength Tim low- 
est beach is famt and fragmentary, and shows gioat modificanon bv 
submeigenee since it was made. It is about 20 feet below i Im nuddlo 
beach These two lower beaches have a curious relation consding 
the beaches down the slope, the third beach was made noxi 
tho first, and then tho level of tho lake was raised and iJui -.('Cf’ud 
; beach was made at a higher level. The storm waves which made iho 
second beach swept over the gi-aveUy ridges of the earlier m'o below, 
as tho latter lay m 20 feet of water, and almost destroyed ilii in 
Hence, when the third or lowest beach was bemg made thi' la lie v.'aa 
in the second stage. Tho location of the outlet for this singe is nof 
kno-wn with certainty. It may have passed northward few jiiile.s 
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east of Imlay and thence westward into the Saginaw basin, but if so 
was OYornddon and obhteiated by a readvance of tho ico 

Third stage. — ^Wlion the ice front readvanced it closed the outlet 
for the second stage, and moved westward to a position close along 
tho east side of tho gi'eat Imlay outlet channel, which passes north- 
ward just east of Imlay This channel shows evidence of having 
been ciowded wostwaid by the moraine along its east side At this 
stage Lake Maumee was almost high enough to overflow at Fort 
"Wayne 

"When the ice retioatod from tins last position it opened a very 
temporary outlet across Tuscola County, Mich , but it did not open 
a permanent now outlet nntd it had retreated many miles to the 
north, toward tho north end of tho Saginaw peninsula, or “thumb.” 
Tho opening then made, however, allowed tho lake waters to fall 
quite suddenly to a much lower level 
At tins stage Lake Maumee i cached its greatest extent, stretching 
from New Havon, Ind , to a pomt several miles north of Imlay, 
kiich , and on iLs south side to a point a Httlo east of Grrard, Pa 
(fig 2, ice boidor at M). In its horizontal part the tim'd beach is 
760 feet above sea level The fronts of tho contemporary ice lobes 
were probably a few miles east of Detroit for the Lake Huron lobe 
and perhaps 40 or 50 nules east of Toledo m Lake Erie At its front 
thd ice was therefore standing m water 150 to 200 feet deep. 

UAKE SAGINAW i 

Duriug tho later stages of Lake Maumee a lake appeared hi the 
Saginaw Valley in front of the Saginaw ice lobe (fig. 2), and the 
Imlay outlet river emptied into it At fii’st it was narrow and 
s ,.p-— -Uf’—.i ] 3 ut it glow larger and wider before the end of Lake 

' .utlet was thi'ough the Grand River channel to glacial 

lake Chicago, a little west of Grand Rapids, Lake Saginaw was 
merged vith Lake Arkona, restoiod to independence duiiag the time 
of Lake Whittlesey, and meiged with Lake Wai’ren before its final 
extinction by the abandonment of its outlet 

ULAOIAL LAKES OP THE HUEON-ERIE-ONTABIO BASIN. 

, - LAKE ARKONA ^ 

, The next important stage of the ice retreat caused a still more 
profound change in tho status of the glacial lakes. The ice with- 
drew altogether from the “thumb” of Michigan, so that the entire 
sweep of tho lake waters to the eastward was allowed to fall to the 
level of Lake Saginaw and merge with that lake. Lake Saginaw 

1 W'-oi 1* <-3 !L. ’ •'.•’('Ti-’rfi' • body, Late Saginaw was limited to the Saginaw Valley 

“ 1 1 r lai- .. -I I M, I <'j ‘ A r^oL'L Were qonlliiod to the Huron-Etle basin and did not Inolude aUy 
P‘ir of 1 0 II (){ L Ci > do Lake Whittlesey, following Lake Arkona, was aL'o I'T'tc'' ■‘o the 

'jU-reH-T'"!/' h I.. 
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had at the same time expanded largel}’’ northeastward, and a strait 
several miles wide had opened past the end of the "thumb ” This 
enlarged lake, which is called Lake Arkona, stretched from the 
vicinity of Gladwm, Mich , to some point at least 40 or 50 mdes east 
of Buffalo, N Y., and covered a considerable pait of southern 
Ontario Its outlet was westward thiough the Grand Biver channel 
Its altitude above sea level was 694 to 710 feet 

West and northwest of Poit Huron thi’oe beach ridges formed by 
this lake are known as the Arkona beaches After they had been 
formed the ice front made a pronounced readvance, and before it 
halted it moved southward up the slope of the "thumb” to Ubly. 
Tins movement had no effect upon the waters m the Sagmaw Valley, 
but It raised their level over the whole lake area east of the "thumb” 
about 40 feet and submerged the entire extent of the Ai’kona beaches, 
exceptmg those parts which lay m the Saginaw Valley (Soo ffg .I. 
with ice bolder M ) 

LAKE WHITTLESEY 

The surface of Lake Whittlesey (ffg. 3) stood about 28 fc'ci Jilx've 
the highest Arkona beach ridge m the region northwest of Po'-i. Huron 
and 44 feet above the lowest The ico front durmg this tzire ir^U'd 
on the Port Huion moraine. As it advanced up the "thumb ” iho 
ice which built this moraine overi’ode the Arkona beaches and luiiiod 
a considerable extent of them on the noithorn part of the "Thiinib” 
beneath the torimnal morame or under outwash In the 'oulliorn 
part of the Black Pivor VaUey northwest of Port Huron the AiJvomi 
beaches were not ovorndon, nor weio they buried, but tle'v worn 
protected from the waves of Lake Wlnttlesey Within tlie '-alky 
they are strongly developed gravelly beach ridges, and show i.o ru'dj- 
fioation due to submergence Outside to the south they wee, „lmost 
entirely washed aw^ay by the storm waves of Lake Whittles'”' Jn 
many places so little remains of them that tliey are tracoablo only 
with much difficulty Although they were 28 to 44 feet under iho 
water tho storm waves swept their gi-avels rapidly up the <-(000 ji'mi 
built them into the Whittlesey beach The Whittlesey btMi'li has 
characters which indicate that it was pushed up the slope iL was 
made, and also that it was made rapidly, for it stands veiy high abi'vc, 
the adjacent land and is peculiarly independent of topograpuv . cioss- 
ing valleys of moderate depth in a direct line lilco a radroad < znbai'k- 
ment The correlatives of Lake Whittlesey m the Sagm.'V and 
Michigan basms are shown m figure 3. 

LAKE WAYNE 

The next beach below the Arkona is the Warren But, as v as the 
case with the Whittlesey beach, the next beach below tho IVarrm 
sh'ow's evidence of having been submerged and modified afioi it was 
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formed, and the Wairen beach is therefore the beach of a raised lake. 
The Wayne beach is generally famt and on the “thumb ” of Michigan, 
whore it is gravelly, shows distmct evidence of submergence and 
modification after it was made Exceptmg on the “thumb,” it is 
generally sandy and without marked characteristics 

From the Whittlesey beach the lake level appeals to have dropped 
quite abrujitly 80 or 85 feet to the Wayne beach This drop m the 
lake level was, of course, due to a movement of retreat on the part of 
the ice front The Wayne beach lies at a level m the Sagmaw 
Valley barely below the head of the channel, which had served as the 
outlet of Lake Sagmaw At the same tune it is quite certam that no 
outlet was open toward the northwest through the Sti aits of Macldnac. 
The outlet at the tune of this beach seoms to have been m the east 
along the ice margin, where it rested agamst the hills south of Syra- 
' cuse, N Y 

LAKE WAHEEN 

Here, as in the previous stages, the ice front roadvanced, covermg 
. part of the ground previously vacated This movement closed the 
outlet, which had rocentlj’- been opened near Syracuse and raised the 
iaJto to the level of the Wanen beach In the Saginaw Valley the 
Warren beach passes 20 to 25 feet above the col at the head of the 
Grand River outlet channel The col is extremely flat and much 
covered imth dunes 

In Michigan tho Warren beach extends up to the vicmity of the 
, Au Sable Rivor, north of Sagmaw Bay (fig. 4), but has not been 
idenfifierl fai'ther In New York it has been traced some distance 
efisi o’, the Genesee River Its limits m Ontario have not been 
determined. While tho Wari'en beach was hemg made, the Wayne 
beach was bemg destroyed, and the Warren beach, lilie the Whittlesey, 
shows m some places, hut not so strongly, the chai'acters which indi- 
cate rapid accumulation The correlative of Lake Warren in the 
Michigan hniin is shoivn m figure 4 It is probable that a glacial 
lake, luiovn as Lake Duluth, also then existed in the western part 
of iho S'lpciior basin with outflow southward through St Croix 
River 

In tho later stages of the lake ivatem, from Lake Arkona on, the 
area covered by the lakes, included not only the basm of Lake Erie, 
but a part of those of Lakes Huron and Ontario also In New York, 
Eaii'cluld reports evidences of a readvance of the ice and raisibg df 
lake level later than the one which afl^ected Lake Warren. That 
movement, however, appears to have been confined to the Lake 
Ohtajio basm and had no effect upon tho waters of the Huron-Erie 
baam. 

The beaches of all tho foregoing lakes are horizontal m the southertr 
part of the region they cover, but m the noi Unuu part they rise 



.lightly toward the north-northeast. The area of honzontahty lies 
.outhwost of a line passing about 5 miles north of Birmingham, Mich , 
,0 Ashtabula, Ohio This soems to have been a soit of binge line 



'oRthe earlier deforming movements. North of n .dl ih(' benches riMi 
^adpally m a direction about north-northeast, bul tjie <.„iiicr ones 
?eem to rise or bend ujivaid hooiur than the later ones, as though 
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tlie deforming force had ‘migrated slowly northward, following the 
reti’eat of the ice front. ' 



LAKE LUNDY (LAKE DANA, LAKE ELKTON ) 

When the waters fell from the level of Lahe W arren they halted first 
at the Grassraere beach and later at the Elkton beach, before the final 
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separation from, the watem of the Lake Erie basin. Both of these 
beaches have only moderate strength On the outer part of the 
“ thumb ” of Michigan they are both split up mto several fainter Imes. 
They are generally gravelly on the “thumb," but are sandy elsewhere. 
They have been studied very little east of Michigan, probably m part 
because they are weak. 

These beaches mark a tiansition stage of the lake waters — the 
transition to Lake Algonquin, the largest of the glacial lakes in the 
Great Lakes region Tho outlet for both stages of Lake Lundy was 
probably near Syracuse, N, Y (fig 5), but connection with that region 
has not been established by contmuous tracmg 

On the “thumb” these two beaches show the most remarkable 
example of northward splittmg that has been found The outer part 
of the “thumb” was bemg elevated while these two beaches were 
bemg made, and each one splits from a single beach ridge m tho south 
to four or five separate weaker strands covering a vortical interval of 
25 or 30 feet In the area of honzontality the Grassmere and Elkton 
beaches have altitudes of about 640 and 620 feet, respectively. 

Differential elevation has raised the Warren beach at Aldi'ii. \ Y , 
20 miles east of Buffalo, to an altitude of 845 feet, or aboiii ISO icoi 
higher than the same beach in the area of horizontabty ni Oliu' and 
southeastern Michigan In the same region, east of Biu'i'.dcj tho 
Lundy or Dana beach is about 150 feet below the Wariui beach, 
and descends toward the south or southwest at a rate imi v<'i accu- 
rately determined But the altitude of fragments 30 lo LO nulos 
west of Buffalo bemg 640 to 645 feet, it seems almost cert iuii ihul this 
beach becomes horizontal at some point faither west and ai a diglitb' 
lower level, mchcatmg that it is the eastern correlative ol the ElJ-rion 
beach of Michigan On the south side of Lake Erie the a llL.uLo of 
the deformed planes of the higher beaches suggest tha' the Lund^ 
beach probably becomes horizontal near Erie, Pa , and Ci)niiniics 
westward 

At this time the ice barrier stood not far from the picscni. .south 
shore of Lake Ontario north of Buffalo, with relatively long and 
narrow arms of the lake waters extendmg east and wosi along its 
front With these Lake Lundy was coimected by a st’.iu 2r> (o 30 
mdes wide, extendmg northward over the Niagara region, tlic depth 
of the water bemg 90 to 100 feet at Buffalo and Niagara 1 aUi 

GLACIAL LAKES IN THE BASIN OF LAKE ONTAlllO. 

LOCAL GLACIAL LAKES. 

When the Lake Ontario ice lobe had retreated far enough to 
uncover the southern parts of the valleys of the Pingei Lakes in 
central New York, small lakes gathered in them, at fii'st as separate 
bodies. With contmued recession these lakes were lowered and 
86860?— SM 1912 21 



com'bined in a complex series of changes leading finally to the later, 
larger lakes that filled the whole hasm of Lake Ontario The suc- 
cession of changes has been set forth in considerable detail by Fair- 
child ^ and illustrated by a sei les of maps. The first local glacial lakes 
had independent outlets toward the south. 

L VKE NEWBERUY 

Following this the dozen or more small lakes m the “Finger lake” 
valleys had merged into one lake, Lake Newberry, with its outlet 
,southward fiom Seneca Lake to the Susquehanna River. 

LAKE HALL 

At a slightly later stage of lecession an outlet for these waters was 
opened westwaid to the glacial waters m the Lake Eiie basin mitiatmg 
Lake Hall. 

LAKE VANUXEM 

At a still later stage an outlet was opened eastward to the Mohawk 
Valley and Lake Vanuxem lesulted After this there was for a 
time fiee dramage eastwaid with only two low, small lakes, one in 
the Genesee VaUey and one m the valley of Cayuga Lake 

Following this stage the waters of the southern part of the Lake 
Ontario watershed merged ivith the glacial waters in the Huron-Ene- 
Ontario basin They are discussed above under the headmg “Glacial 
lakes of the Huron-Erie-Ontario basin ” 

LAKE DAWSON 

When the waters had fallen so as to separate those in Lake Erie 
from those of the Lake Ontauo basin, the outlet was established 
eastward past Syracuse, N Y , and a number of oscillations of lake 
level probably occurred coriesponding to shght retreats and read- 
vances of the ice front These changes afl^ected the height and eiodmg 
power of Niagara Falls Toward the end of these oscillations the 
relatively high ground east of Rochester became a barrier against 
which the ice front rested, holding Lake Dawson m the Lake Ontario 
basin west of Rochester, while a smaller lake into which it flowed 
filled a narrow stop farther east and emptied into the Mohawk 

LAKE IROQUOIS 

Finally the waters of the Lake Ontario basin fell to the level of the 
pass at Rome, N. Y , and discharged eastward through the Mohawk 
Valley. (Fig. 6, ice border at position I ) This established Lake 
Iroquois, which endured for a relatively long time The land, how- 
ever, was strongly uplifted around the north side of this basin while 
the lake was dischargmg at Rome This backed the water up on- 

1 Kpivcr*!'’ , H L i^Hrlal watera in central New York, N. Y. State Education Department Bulletin, JJTo. 
•J4.J, N Y tl’tj afii.'UL’i, Bull.No 127,1909. 
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its south and west shores and caused it to fall away from the northern 
and eastern shores 

LAKE X 


When the retreating ice opened a passage eastward around the 



'north' side of the Adirondack Mountama to the basm of Lake Cliain- 
n1 fl.Tn (fisr, 6. ice border at position I) the outlet at Rome was abuu- 


Oun^T T '■W iN AKD ITS COREELi 

1.. . I 'rr vtiii i\il T^rjuitT^verett. Win. 
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doned Following this the lake level fell as the ice withdrew, until 
the sea, which then stood relatively higher than now (623 feet higher 
near Covey Hill, on the northern base of the AdirondaclcsOj entered 
and turned what had been a glacial lake into a marine gulf. The 
changes of the water levels in the Lake Ontario basin, however, 
have not yet been fully worked out 

GLACIAL LAKES IN THE BASIN OE LAKE MICHIGAN. 

LAKE CHICAGO 

WhUe this complicated histoiy was being enacted m the Hnron- 
Erie-Ontaiio area the glacial waters in the basin of Lake Micliigan 
were also undergoing an expansive development In this case, how- 
ever, the changes were extremely simple, for until the very last stage 
no critical ground affoidmg a new outlet was encounteied Such 
changes as occurred were due to erosion of its outlet or to changes m 
the volume of discharge From its beginning as a narrow, ciescent- 
shaped lake at the extreme southern end of the Lake Michigan basm, 
Lake Clucago expanded northward as the ice receded until two-thiids 
or three-foUrths of the basin was uncovered, as shown m figures 2, 
3, 4, and 5. In all piobability the retreating ice front peiformed 
here the same series of oscillations, with strongly marked retreats 
and leadvances, that took place m the Huron-Erie basin The evi- 
dence of these oscillations, however, is not generally so weU marked, 
because critical changes were not produced by them. But some of 
the stronger morames mark readvances that ovemde beach ridges 
which had been made just previously. 

The Port Huron moraine sldrts the north side of the high ground 
of the southern penmsula of Michigan and appears to be correlated 
with the Whitehall moraine of the Michigan basm 

Studies by Alden, undei the duection of Chamberlain, on the west 
side of the Michigan basm have developed evidence of a distinct 
leadvance of the ice southward to Milwaukee characteiized by a 
deposit of red till, and this probably correlates with the Whitehall 
morame Later ridges of red till, which come down to the shore of 
Lake klichigan near Mamtowoc and Two Elvers, Wis , also seem 
likely to correlate with the Manistee ndges on the east side of the 
lake. This correlation is infened not only because of similar posi- 
tions _ on opposite sides of the lobe and m reference to earlier 
moraines, but also because these later moraioic ridges do not appear 
to carry the Glenwood and Calumet (first and second) beaches of. 
Lake Chicago, which are present on the Whitehall morame Two 
lovo’- beadios i'l ilu! s.imo fuoa seeinio have wider connections, ' 
T bcup pci one is I he fi'ole^toii beiicli 2^1 oi'^25 feet above Lake Mich- 
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igan, and the Nipissing beach, about 15 feet above the lake. The 
summit in the Chicago outlet m the southwest part of the city is 
only S feet above Lake klichigan and is a broad, flat region much 
obstructed by low, sandy ridges The Tolestoii beach passes over 
this broad divide at a level high enough to have permitted Lake 
Chicago to discharge over it, even when lecemng the discharge of 
Lake Whittlesey or Lake Warien Nevertheless, the Toleston beach 
seems to be contmuous ivith the Algonqum beach, which is present 
m all of the upper three lake basms, and part of the overflow of 
Lake Algonqum may have been by way of Chicago for a time, 
When the Huion-Erie waters were dischargmg eastward past Syra- 
cuse, the volume of discharge at Chicago was largely dimniished and 
the lake stood shghtly lower 

When the ice lobe m the Lake Michigan basm retreated mto the 
northern part of that basm, it uncovered ground of ciitical mterest 
on both sides On the west side the glacial waters of the Lake 
Superior basm had been held up to a higher level than those of Lake 
Chicago, and when an openmg occuned around the hills southeast 
of Marquette these waters were di'amod southward along the western 
pdge of the Green Bay lobe of the ice sheet and ultimately mio Laim 
Chicago 

Bordermg the west shore of Lake Michigan and extending into ihe 
Gieeu Bay-Lake Wmnebago trough and the Fox and Wolf Bivor 
valleys la an extensive deposit of red clay, partly lammated, puidy 
pebbly and massive, which was descnbed by Chamberlm* lu lus 
Geology of eastern Wisconsm Later study of this deposit by Aldend 
under the direction of Chamberlm, shows that the larger part ol tins 
deposit, the massive pebbly clay, is to be interpreted as gliuiid lill 
which was laid down diirmg a readvanco of the glacier in tlio latko 
Michigan basm as far south as Milwaukee and of the Green Bfi\ lobe 
in the Green Bay-Lake Wumebago trough to a pomt south of I’ond 
du Lac, Wia The ice also crowded westwai’d m the Fox and Wolf 
River valleys. The red silt composmg the laminated clay /iiul lie 
matrix of the massive pebbly clay is thought to have come fi'cn'i liio 
Lake Superior region, bemg biought mto the Green Bay and LiilfC 
Michigan basins by the opening of a southward outlet southoii't (d 
Marquette The first openmg of this outlet must have heeu tu or 
near the climax of the stadial retreat unmediately before the load- 
vance to the first red till morame. The phenomena mdicate a 
readvance over a relatively wide mterval, and it seems certain Ouil if 
a lower outlet had been opened by the retreat, it was closed rgani bj 
the readvance and the level of the glacial waters m the westoj-ii half 
,of the Lake Superior basm were raised agam to the level ol .‘-omo 

‘ ' I Geology of Wisconsin, vsl 2, pp 221-228 iAlden.Wm C , personal eomnjunicrii'oi, 
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eai'lier, higher outlet Perhaps this accounts for the faintne until 
some of the beaches immediately above the Algonqum beach ingbo’* 
Lake Superior basm; they may have been submerged and obliiorieio. 
after they were made. 11 

On the east side, the retreatmg ice front finally reached ihe sn ^ e , ^ 

of Mackmae, where an opening allowed the waters of Lake Chicago 

imite ivith those of the Lake Huron basm Whether this me’ 

of the wateis m the Lake Michigan and Lake Huron basms occi 

before or after the openmg of the Trent Valley outlet at Ku-k 

Ontai’io, IS not ccitamly known 

’ iron- 

GLAOIAL LAKES IN GREEN BAT BASIN ;igan 

Very little has been written concernmg the glacial lakes m^*^^ 
Green Bay-Lake Wmnebago valley and then extent has been as y^® 
only partially worked out Upham published a paper in 1903 ^ 
suggesting the name Glacial Lake Jean Nicolet for a lake that 
discharged fiom the Fox Rivei dramage past Portage, Wis , to the 
Wisconsin Valley. This paper ivas not based on any field work, 
except a visit to the outlet, and the existence of the lake was inferred 
partly from the presence of the outlet channel and partly from 
Chamberlm’s ’ description of the red clays m the Green Bay basin as 
lacustrine. As noted above, studies recently carried on by Alden for 
the United States Geological Survey have shown that the red clay 
was loigely worked over and formed mto moramal ridges and till 
sheets by a readvance of the ice so that the limits of the red clay in 
the Green Bay basm mark a glacial mstead of a lake border Alden's 
studies have also shown that the lake history m this basm was some- 
what different from that set forth by Upham There was first a lake 
that discharged from the district south of Lake Winnebago south- 
wai'd past Horicon mto Rock River This lake persisted until the 
ice which formed the moraines at the head of Lake Wmnebago had 
receded far enough northward to open a 2 iassage westward from 
Oshkosh to the headwater part of Fox River. Then the discharge 
was shifted past Portage to the Wisconsm Valley Later, when the 
melting of the ice cleared the Green Bay penmsula the waters lowered 
to the Lake Winnebago level and to a lake m the Green Bay basm by 
dischai’ging eastwai’d mto Lake Chicago A similar senes of events 
accompanied the preceding recession of the ice front, and also, in 
Teverse order, the readvanoe of the ice which formed the red till 
moraiues® In the present incomplete state of the study one ban 
hardly forecast the full succession oi events m this basm, but it is . 
evidently so different from Upham’s conception that it seems beat 
to leave the naming of these lakes until a later time 
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GLACIAL LAKES IN THE BASIN OF LAKE SUPERIOR 

From tke first small lakes at the extreme western end of 
tlie Lake Superior basm the glacial waters expanded m a manner 
similar to tkose just described for tke Lake Erie and Lake Mckigan 
basins In tke earlier stages, wkilc tke lakes were small, tkere were 
sligkt changes m outlet and level, though the early stages had outlet 
directly or mdirectly to the St Croix Valley. 

LAKE DULUTH 

FmaUy came Lake Duluth with its outlet southward through the 
Brul6 and St Cioix Valleys Lake Duluth endured for a much 
longer time than the earhci lakes, and at its lower levels expanded 
to a lake of large size, forming beaches found even on the outer part 
of the Keweenaw peninsula Its outlet was cut down about 40 feet, 
lowering the level of the lake and causmg the formation of later 
beaches below the highest 

Several lower beaches which have been traced by !Mr T.('v('Tctt 
seem to he too low for waters dischargmg through Ike St ('roix 
outlet, and hence may not belong to Lake Duluth Thc^e suggcat a 
place of overflow to the east and south, around the hills soiilh of 
Marquette. The outlet indicated by these beaches has riol yet been 
determined These are rather weak beaches, and sugge-t ihe j)o.°si- 
bfiity of submeigence m consequence of a leadvance of lie' ice afior 
they were made There is mdependont evidence of such a it .idvaiice 

GLACIAL LAKES IN THE SUPEEIOR-MIOHIGAN-HURON BA^IN. 

LAKE ALGONQUIN i 

In the on time given above the succession of lakes ui each of the 
upper three basins — those of Lakes Huron, Michigan, ami Suporior — 
wore given down to the time when the glacial waters m lill linee 
bashis were about to merge mto one great lake. Thu, laigor body 
is called Lake AJgonqum, and its upper beach is one of iJie '.iioiigesL 
and most persistent shore Imes in the Great Lakes region At its 
greatest extent, as shown m figure 7, this lake covered an aiea con- 
siderably larger than all three of the present upper Greai Lain s. 

When the lake waters feU away to lower levels from F.iikc Wairen 
they uncovered for the first tune the low lands between Lakes Huron 
and Erie This low land divided the wateis into two Sk'imral e lal^cs 
and maugurated for the first time the flow of the Si . Clair and 
Detroit Elvers 

Lake Algonqum may be divided mto four stages* (1) L'nih- Lake 
Algouqum. roufined to the south part of the Lake iluiou basin, 
oiitlcl at Povi jruron (2; Kiild’icld stage cov('r('ti all of the tipper 
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lakes, outlet at Kirkfield, Ontario, uplift m north begms, (3) Port 
Huron-Chicago, or Port Huron stage, outlets at both of those places 
at fiist, but rapidly diminishing at Chicago and mcreasing at Port 
Huron, Mam great uplifts occur m this stage and cause great 
tilting and divergence of beaches at the north. Three groups of 
beaches formed (a) Upper Algonquin group, (b) Battlefield group, 
and (c) Poit Brady group Most lapid uplift was during Battlefield 
group, (4) closmg transition stage leading to Nipissmg Gieat Lakes 
Outlet eastward to Ottawa Valley. 

(1) Early Lake Algonquin — At its begmning, Lake Algonquin 
probably had a brief stage, when it was confined entnely to the 
SQuthernhalf of the Lake Huron basin (Fig 6, ice border at position 
A.) The ice fiont then rested against the highlands which bound 
the two sides of the southern half of Lake Huron, as shown by the 
moraines in both Michigan and Ontario This stage, howevei, was 
of lelativoly short duration, for the ice front was so far north at its 
begiminig that a very slight additional letreat opened passages to 
the east and northwest and lower outlets were available m both 
directions — to the east to Geoigian Bay and the Trent Valley m 
Ontario and to the noithwest to Lake Clncago and through this to 
the Chicago outlet. These two passages probably opened nearly at 
the same time. From the fact that no separate beach oi outlet is 
knmvn for this stage, it might be thought that this lake is wholly 
h\q)oihr1 ical and its existence entirely unceitam But, besides the 
logic (d i.oii'-cquences of the relation of the ice sheet to the highlands 
(fig (P, (he early distributaiies of the St. Qah’ and Detroit Eivers 
seem inexplicable, except as mcidents of the transition fioUa, Lake 
Lundy to a lowei stage corresponding to Early Lake Algonquin. 
And further, the five short gorges which Niagaia River made m the 
hTiagara escaipment during its early flow, which was of relatively 
short duiation, show conclusively that Niagara River then had a 
volume as large oi very nearly as large as at present, and this could 
not liave been the case, except by a laige contnbution of water to 
Lake Erie from the north. This was clearly before the opening of 
the Eoilcfield outlet in Ontario. The discharge from Early Lake 
Algonquin was larger than might he expected, because this lake 
received a large affluent from the east, from the region of the Notta- 
wasaga VaRoy and Lake Simcoe in Ontario, and also a large amount 
du'cctly from the ice barrier. 

(2) The Kirkfidd stage — ^There seems to be no reason to suppose 
that the Chicago outlet was at this tmie low enough to take the whole 
discharge from Poid Huron, On the other hand, the Trent VaRej 
outlet at Kirkfield, Ontaiio (fig 7), was surely low enough, and aS 
sOon as it opened the oyerflow went to the Trent VaRey and the 
level of the lake foR below the outlets at Port Huron and Ctnoagoj 
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for tlie character of the outlet channel at Kirkfield and below shows 
that it carried the full discharge of the upper lakes for a considerable 
length of tune. Indeed, the principal or upper strand of the Algon- 
quin group of beaches is remarkably strong and continuous, not only 
in the southern parts of the basms, but runs on unbroken m the same 
character far toward then noithern sides If there are paits where 
this beach was not foimecl they must be limited to the far north, 
for it 13 strong!}'- developed on the high ground north of Sault Ste 
Mane, Ontario Apparently during the time of the making of the 
upper strand no part of the lake was subject to defoimmg or warpmg 
influences, and the outlet was at Kukfield. 



Fig 7— Isobases of Lvi.i3ALaoNQtriw 

By Prank B Taylor and Frank Loveratt, 1911 (With compilation from other soiircog ) 


At length, when the ice sheet had almost entirely disappeared from 
the lake basms, a gicat movement of differential elevation began to 
laise the land This movement affected a vastly greater aioa than 
that of the Great Lake,s, but -withm this area it aft'ected the noithern 
parts most South of a hue running through the middle of the 
“thumb” of Michigan (fig 7) and across the south arm of Lake 
Huron in a course about S 68° E. and N 68° W. and also south of a 
line runnmg westward across Lake Michigan from a pomt south of 
Frankfort, the Algonqum beach was not affected at aU by the uphft. 
This Ime was a sort of “hinge” Ime for the movement Kirlcfiold, at 
the head of the Trent Valley outlet (fig. 6), was well within the region 
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of strong uplifting, so that probably early in the movement it -was 
laised to a position higher than tho outlet at Port Huron The Kirk- 
field outlet was then abandoned and the discharge was shifted to 
Chicago and Port Huron. South of the isobase of Knkfield the 
Algonquin beach seen to-day is not the first beach made when the 
Ku’kfield outlet carried the whole discharge, but is a transition beach 
made when two or probably three outlets were active at once This 
might be called the AJgonqum transition or three-outlet beach 
Put the name Algonquin beach has generally been applied to the 
whole strand The origmal Aigonqum beach is now seen only m the 
region north of the Kirkfield isobase. Whde the Kiikfield outlet was 
active and carried the whole discharge, the isohase of that outlet 
served as a nodal Ime on which the water plane swung, and the shores 
to the north of it were left dry and those to the south of it submerged. 

The upliftmg and tiltmg continued m the legion noith of the hinge 
ime and progressed -with mcreasmg lapidity. Smce it was aban- 
doned, the outlet at Kutfield has been raised altogethei Something 
more than 270 feet, for it now stands 295 feet above the level of 
Georgian Bay, and Lake Huron m the meantime has been lowered 
25 feet by the erosion of its outlet at Port Huron Farther north 
and northeast the movement of elevation was atdl gi eater 

From the fact that the Kirkfield outlet appears to have carried the 
whole discharge of the upper three lake basms and that it was uplifted 
and abandoned rather late m the life of Lake AJgonqum, the con- 
clusion follows that while this outlet was active the Chicago and 
I’oii. Huron outlets were both left dry This means that durmg this 
time the shores of Lake Aigonqum throughout all tho region south 
of the isobase of Kirkfield stood at a level at least a little below these 
two outlets Hence, the upper Algonquin beach south of the isobase 
of Eirkfield was not made during the pimcipal activity of that outlet, 
but durmg the transition (two or possibly thi'ee outlet) stage of the 
lake, when a considerable pait of the overflow had left Kirkfield and 
gone to Chicago and Port Huron. It is therefore a transition beach. 
Its prmcipal makmg and the gradual lowering of the lake for 10 feet 
or more was while the overflow was at both Chicago and Port Huron 
The character of the Aigonqum beach agrees remarkably well ynth 
this conception of Lake Algonqum’s history. 

, (3) The Port Huron- Chicago stage — When the Kirkfield outlet was 
abandoned, it seems probable that the overflow went first in greater 
part to Chicago, leaving only a relatii^ely small part to flow south at 
Port Huron But the Chicago outlet rested on a rock sill and held 
firm, while that at Port Huron was deepened with relative rapidity, 
so that by the end of Lake Aigonqum the lake level had fallen 10 feet 
and the Port Huron outlet had taken almost all the overflow away 
from Chicago, The Hiagara Gorge, which reflects in its magnitude 
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the volume of Niagara Eiver, iodicates that the domination of the 
outlet at Chicago endured for only a relatively short time, for the 
Niagara Kiver in the early part of the Port Huron stage of Lake 
Algonquin made the widest section m the whole goige The time of 
this large-volume discharge at Chicago was the tune when the Tole- 
ston beach was made, and if there was a beach of Lake Chicago there 
before and controlled by the same sdl, it must have been overwhelmed 
and worked over enthely by Lake Algonqum waters. Prom this 
point of view Toleston is m reahty only a local name for the Algon- 
quia beach as developed in the southern part of the Lake Michigan 
Basm 

It was duriug the thhd or Port Huron-Chicago stage of Lake 
Algonqum that the larger part of the remarkable uplift of the Great 
Lakes region occurred. It began when the Kmldield outlet was 
active, but soon raised Kirkfield to a higher altitude than Poj i ITutoii 
and Chicago, to which places the outflow was then shiflcd I’ho 
uplift caused a remarkable northward sphttmg and diveigonco of 
the beaches below the highest Algonquin beach As a coiNequciicc 
the beaches of this stage are many m number and show a liu’g<5 
vertical divergence northward. They seem to fall readily it)Io three 
groups, (a) the upper or main Algonquin group, (5) the Bsulhdldd 
group, and (c) the Fort Brady group. The mam uplift begp n din ing 
the second or Kirkfield stage, as pointed out above, but ilic much 
greater part occurred dunng the third or Port Huron-Chicago '•luge, 
and the most rapid movement was durnig the makmg of tlio Biutle- 
field group of beaches At Sault Ste Marie the vertical mU'i'A'ijl 
between the highest Algonquin and the Nipissing beaches 30 o feel, 
while in the area of honzontality the mterval between tluse ‘-amo 
beaches is 10 or 12 feet Coleman reports a beach at Lake Gotidreau 
(fig. 10) at 1,500 feet. This may be the highest Algonquian strand, 
and is nearly 900 feet above that beach at Port Huron 

For some distance noith from the hmge Ime the upper Algonquin 
beach rises giadually It then begins to rise more rapidly and begms 
also to split mto a vertically divergmg senes of subsidiary siiaiids 
which are separated by wider and wider vertical micrv"!- toward the 
north. This splittmg of the strands shows that the land \\ as bdng 
differentially elevated durmg the life of the lake The (liH'ci'cnl. 
strands are not of the same strength nor are they equaJlv 'pneed 
vertically, showmg apparently that the upbftmg movemoiiL w,i'. not 
steady m its progress, but was mregular and was marked by a uumbei' 
of pauses of more or less length. The idea held formerly chai tho 
postglacial uplifts of the land in the Great Lakes region were gradual 
^d that they were evenly distributed through tune is an eiior I'he 
uplifting movements were evidently quite spasmodic and relatively 
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Biiddeii and rapid Almost all the deformation occurred during and 
since the later part ot the life of Lake Algonquin. 

(4) Glo&'ing transition stage — At its veiy end Lake Algonquin 
appears to have been held up by a relatively small glacial barrier at 
some ])omt m the Ottawa Valley east of Mattawa (Fig. G, ice border 
position A' ) When this last dam broke out or shrank back north- 
ward the waters rushed eastward from Lake Algonqum through the 
Mattawa Valley to lakes in the Ottawa, Petawawa, and Madawaska 
Valleys (fig 6, ice border at position A"), and thence to the Cham- 
plaui Sea, and came to a settled level in the upper lake basins only 
when the eastward flowmg outlet had been established on the col 
at ATorth Bay. 

Ihe relation m tune of Lakes Algonquin and Iroquois is a matter 
of great importance m connection with the study of the deformation 
of the land There are certain facts that seem to show that Lake 
Iroquois had aheacly been established when the Kh'kfield outlet first 
opened The outlet river of Lake Algonqum has been called by 
Spencer the Algonqum Eiver. The scouicd bed of this great iiver isr 
quite evident between the small lakes of the Trent Valley. At Peter- 
boro an expanded part of the valley winch stood so near tlie level 
of Lake Iroquois that it may have been a land-locked bay of that 
lake is Idled ivith a great deposit of gravel and sand This appears 
to be a delta deposit of the Algonquin Eiver and seems to show 
conclusively that this river emptied into Lake Iroquois But the 
scoured channel of the Algonqum Eiver does not stop at Peterboro 
It appears to contmue down the Trent Valley to Trenton and in all 
probability passes below the present level of Lake Ontario (Fig 6 ) 
It even passes below the probable level of the marine waters that 
entered the Lake Ontario basin. But below Peterboro it seems to 
show decidedly less scour than above and m some places suggests a 
smaller stream At present the relation of this lowei part to the Lake 
histoiy IS quite problematical, for no other fact mdicating so low a 
level for the watem of the Lake Ontario basm at that stage is known 
It may be that whde the Algonqum Eiver was flowmg the ice front 
withdi’ew far enough to allow Lake Iroquois to be dramed off for a 
brief time, only to be restored agam for another relatively long 
period by a readvanco of the ice. There were a number of episodes 
of this Idnd earlier in the lake history 

POST-GLACIAL LAKES OP THE GREAT LAKES REGION. 

THE NlPISSma GREAT LAKES 

With the estahhshment of the outlet of the upper three lakes at 
NoTth Bay, a new order of things was inaugurated The ice sheet 
had disappeared from the Great laikos ri'giou and nu longer served as 
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a dam or retaining barrier for any of its waters The diawmg of the 
whole discharge to Noith Bay necessarily caused the abandonment 
of the Port Huron outlet, which had just previously been active. 
The new lake level, with its outlet at North Bay, lay m a plane which 
passed somewhat, though peihaps only a httle, below the outlets at 
Port Huron and Chicago. Durmg the later dilierential uphfting 
of the land, which occurred while the North Bay outlet alone was 
active, the isobase passmg through that outlet became a nodal hue 
upon which the watci plane swimg As elevation progressed the 
stiands to the noith of this hne wcie abandoned and left diy, while 
those south of this hne were progressively submeiged by the backing 
up of the water 

This order of changes contmued until the North Bay outlet was 
raised as high as that at Port Huron Then both outlets became 
active with the discharge divided between them. The beach made 
at this two-outlet stage has been called the Nipissmg bcacb Lii u 
strict sense, however, it is not the origmal Nipissmg beadi, ntadc 
when the North Bay outlet alone was active, but a transitional beach 
made during the two-outlet stage. It might be called the Nipis-mg 
transition or two-outlet heach. The origmal Nipissmg h<'.uh may 
be seen now only m the northeastern part of the Lake Supeuor Biiaiii, 
wheie a small area hes north of the North Bay isobase or nodal lino 
This area, however, is so smah and so close to the nodal bne* IhoL the 
measurements thus far made have not yet disclosed any diiiciciicc in 
the altitude of the old water plane on the two sides of the lino. The- 
oretically there should be some diffeience and there probablv i-, 
though not yet worked out. South of the hne the visibk' bi'ti'Ii js 
the transition or two-outlet beach, the origmal beach bemg e \ c i \ whore 
submerged But inasmuch as no measurable change of plane ha-s 
been found in crossmg the nodal hne the name Nipissmg Ixaich 
generally been apphed to the whole extent of the two-outlet sLi'and. 

The Nipissmg beach thus defined (fig 8) has been traced v ilh sub- 
stantial contmuity around all three of the upper lake basm^ and js, 
especially m the northern part of the area, much tb' -t’-r.':- i .'brr 
doned beach of the Great Lakes region. Its p..! ■■ <■ ■ ' ■ i'l 

almost perfect uniformity, and with no certainly t.i « -i ' ii> 
ing, over all the northern paits of these basms. 'I IJ' 'i )' . 'ii li 

tilted this beach (fig. 9) appears to have hmged i.'. ■ i ■ 

hne as the earher uplifts which raised the Algonqum beaches South 
of this hmge hne the Nipissmg heach is horizontal at about 13 Lci 
above present lake level. North of it the beach rises at inc rate of 
about 7 mches per mdo m a direction about N. 22° B. The Nipi'-smg 
beach at North Bay is now about 117 feet above Lake Huron, aboiii, TO 
feet at Sault Ste. Mane, 48 or 50 feet at Mackinac Island, and about 
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130 feet (110 feet above Lake Superior) at Peninsula Harbor, wliicb is 
near tbc northeastern angle of Lake Supeiior 

The Nipissmg beach shows remarkably stiong development and 



maturity m all the noi’thern parts of the basins, especially near the 
nodal line. It is veiy strong for 150 miles or more south of the nodal, 
hue, but Bouthivard from this line it seems to gradually diminish m 


tr — 1 HE HlHSSrHG GREAT LAKE'S AUD COEEBtATtVI3. 
By Frank B Taylor and Frank Leyerett, 1911. 
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strength, until in the area of honzontahty it seems little if any stronger 
than the Algonqum beach 

In the western end of Lake Superior the Nipissing beach appears 
to pass a httle under the present lake level, a relation which probably 
accounts for the drowned condition of the shoies and stream mouths 
of that region 

Supposmg a shoit period of southward discharge passed Poit Huron 
at Idle tune of early Lake Algonqum, then the Port Huron outlet and 
the St, Clair and Detroit Rivem have twice been abandoned and left 
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dry, and at both times Niagara River was robbed of the o verfJow of the 
upper three lakes 

The Nipissuig Great Lakes came to an end when the northern 
uplift raised Noith Bay, so that that outlet was left dry atid the vhoJe 
discharge returned to Port Huron With this change the modern 
Great Lakes have their beginning. 

THE POST-NIPI8SING GREAT LAKES 

Since the overflow came back to Port Huron the non hem uplift- 
ing has continued, but apparently at a relatively slow latc, Jo: there 
IS a numeious series of fainter beaches on the slope below the Xipi^sing 
beach. One especially is shghtly stronger than the losi. anJ seems 
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to mark a pause m tke upliftmg movement This beack is well 
developed at Algoma Mills, Ontario, and is called the Algoma beach 
At that place the Nipissing beach is about 85 feet and the Algoma 
about 60 feet above Lake Hiu'on The Algoma beach has been found 
at many places farthei south, and is a little more than halfway up 
from the present shore to the Nipissmg beach 

On the north shore of Lake Superior there is a beach of moderate 
strength standmg m about the same relation below the Nipissmg It 
may be the Algoma, but it seems more likely to be a beach belonging 
to the Lake Superior Basm alone and determined by the outlet of 
that lake at Sault Ste Mane. It has been called the Sault beach, and 
appears to swuig on the isobase of that place as on a nodal line. It is 
submerged on the south shore of Lake Superior and aiound the west 
end. It is beheved to he along the submerged base of the Pictuied 
Rocks. The Algoma beach appeais to be due to a pause m the 
upliftmg movement, but the Sault beach is due iu aU probability to 
a relatively steady condition of the lake level arising from the estab- 
lishment of the barrier and outlet at Sault Ste Mane 

LAKE ERIE 

After Lake Erie became separated from Lake Ontario it ceased to 
be a glacial lake, and from that time on it was entirely mdependent of 
the ice sheet. By the time the sepai'ation had been accomphshed, 
following the fall of Lake Lundy, the basm of Lake Erie had prob- 
ably been brought nearly to its present attitude. In this time it 
has also had two low stages, during which it was not receiving the 
discharge of the upper lakes. These times were when the Klrkfield 
and North Bay outlets were active. The Fort Erie beach, dechnmg 
gently westward along its north shore from Port Erie, Ontaiio, where 
it is 15 feet above the lake, is the correlative of Early Lake Algon- 
quin and probably in part also of the Port Huron stage of the greater 
Lake Algonquin The two low-stage beaches made m the basin of 
Lake Eiie during the Kirlcfield stage of Lake Algonquin and duimg 
the Nipissmg Great Lakes lay very neai’ly in the same plane, and 
both are now everywhere submerged 

EVIDENCES rOR AND AGAINST PROGRESSING ELEVATION OF THE 

LAND 

In the northern part of the upper lakes there are many evidences, 
such as the newness of the modem shore hue and the newness of 
the mouths or lower com'ses of streams, hke the Nipigon and other 
northern rivers, which strongly suggest recent or progressing emer- 
- gence. Gilbert found what he beheved to be evidence of progress- 
ing change in the records of the lake gauges, and he estimated the 
rate of differential uphftmg, but lecent mvestigations have made' 
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changes in the data which he used and have necessitated a modi- 
fication of his results. 

Since the discharge returned to Port Huron the St. Claii' River has 
cut down its hod about 15 feet and the Detroit River half that amount. 
This has gi-eatly reduced the effect of drownmg of tributaries which 
was produced at first by the return of the full volume after the 
period of abandonment duimg the tune of the Nipissing Great 
Lakes 

In the basins of Lalces Erie and Ontario there are many evidences 
winch mdicate recent raismg of the water level, such as the drowned 
stream courses and submerged stumps m Sandusky Bay. These 
facts seem at first to suggest that tilting of the land was very recent 
or may still be in progress. But the drowning effects in these two 
basins, at least to depths of 10 or 15 feet, are probably due to the 
return of the large volume of discharge at Buffalo and Ogden&buig 
after the lelatively long period of small discharge durmg the umc of 
the Nipissmg Great Lakes, and not to lecent or progressmg i.phil 
of the land 

POST-GLACIAL MARINE WATERS IN THE OTTAWA AND ST LAV.RENC’E 
VALLEYS AND IN THE LAKE ONTARIO BASIN 

When the ice sheet withdrew from the basin of Lake Ontailo and 
the noithern slope of the Aduondacks the sea entered m ir-s ])lacc 
and covered a large area. Its approximate limits (fig 6) are m cheated 
by postglacial clays, gravels and sands, which are fossihferous cndtlie 
hfe remains are largely of marme orgamsms such as aie nov. h\ing 
in the Gulf of St Lawrence The upper limit of the maimi' wateiN 
was about 350 feet at Plattshm’g, N. Y , and 523 feet at Covoi Hill, 
Ontario. It was at least 460 feet at Welsh’s Siding near Siuiih's 
Falls, Ontario, and may have been much more, for at the la-it-min- 
tioned place the remains of a whale were found m a gravel b(<l many 
years ago, and a minimum upper hunt of mariue submerges icc is 
definitely fixed by this occurrence. The height of marine siibniei- 
gence at Montreal is reported to be about 626 feet On the south 
side of the St. Lawrence River a well-defined beach marks v.lniu is 
talcen to be the upper limit of the mai'ine waters, and has been czdled 
by Gilbert the Oswego beach. It dechnes gradually towaid iJio 
southwest and passes under the present level of Lake Ontario about 
at Oswego. 

The changes in the level of the waters m the Lake Ontauo besm 
have not- been fully worked out, but the marine waters appear to has'o 
entered it some time in the later part of the Port Huron stage of 
'Lake Algonqum. The maiine connection was tlirough a strait 25 
- qr 30 miles wide and, except for a relatively narrow central thuires- 
sion, not over 40 to 60 feet deep. The uphft appears to , have been 
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in progress when the sea entered, and the duration of the marine 
connection was short. The strait was soon raised above the sea. 



and at the end of Lake Algonquin sea level probably did not extend 
above Cornwall and Pembroke- 
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Tlie accompanymg diagi’ammatic map (fig. 10) sliows the relation 
of, the Whittlesey and Algonquin hinge lines to the extreme border 
of the Wisconsm ico sheet, with tliree later critical positions of the 
ice border and several of the isobases. The hinge hues and isobases 
m the legions east and west of the Great Lakes are added in order 
to show the general relations of the deformations in those pai'ts to 
that of the region under discussion. The shore hues of the glacial 
Lake Agassiz are taken from Upham. (Monograph 25, U. S. Geo- 
logical Suivey ) No shore Imes m the Great Lakes area are shown 
exceptmg the Glenwood or highest beach of Lake Chicago, the 
Whittlesey beach, aftd the correlative beach of Lake Sagmaw. The 
two hmge hues for Wliittlesey and Algonquin represent the isobase 
of zero for each beach. Both are produced conjecturally northwest- 
ward to the region of the glacial Lake Agassiz Two Nipissme 
isobases are shown m the Superior basm, and these show a trend 
quite chfferent from those of the Algonquin. In the Michigan and 
Huron basins the Nipissing beach seems to hinge on about the same 
hue as the Algonqum The curved isobases in the region south of 
St Lawrence Biver and east of Lake Ontario show the present state 
of knowledge concernmg the deformation of the marine shore hno. 
They show the general relation of the deformation of the marine area 
to that of the Great Lakes region The extent of the pre-Cambrian 
or Old-land area is also mdicated to afford means for comparmg it 
with the area of uplift. Inasmuch as the uphft occurred m the couisc 
of the meltmg of the Wisconsm ice sheet and relief from the ice load, 
and masmuch as it hes so largely within the glaciated district, a 
causal relation has by some been inferred and definitely announced 
The writer would caution against too hasty conclusions m this matter, 
especially m view of somewhat discordant relations between tlio 
boundaries of the ice and of the uplifted lands which this diagram- 
matic map will serve to bring out. The writer will take space here 
merely to state that the preponderance of present evidence appears 
to be only slightly in favor of resilience foUowmg depression by the 
ice weight as the mam cause of the uphftmg of the land and the 
deformation of the shore lines in the region of the Great Laki's. 
Standmg as a close second to the hypothesis of ice weight is the pos- 
sibility of deformation of the beaches by uplifts of the land mcident 
to crustal creeping movements, which are simply the most recent 
impulses in a long process of contmental growth reachmg back mto 
the Tertiary age. If certain evidences which are now supposed to 
mdicatc relatively recent crustal creep toward the southwest are 
substantiated, the hypothesis of resilience followmg depression by ice 
weight seems hkely to become of secondary importance. 




APPLIED GEOLOGY ‘ 


By Alfred H Brooks “ 


The science of geology, generally regarded as having originated 
in the vague speculations of the cosmogonists hardly two centuries 
ago, has to-day become of great practical utdity Durmg the 
past decade aU geologic investigations have shown a marked ten- 
dency towai’d mateiial problems, which is m contrast with the 
previous decade, when the mterests of pure science were much 
more stiongly emphasized. No one will deny that economic or, 
as I prefer to call it, apphed geology is attracting more and more 
attention from professional geologists. It is appropriate that the 
members of this society should take cogmzance of this trend in 
geologic thought, analyze the conditions which have brought it 
about, and decide, it may be, whether it makes for the good or the 
evil of the science 

Before discussmg this subject it will be well to attempt a defini- 
tion of the term “apphed geology” Some appear to beheve that 
when the geologist emerges from the tunnel's mouth he is at once 
transplanted mto the realm of pure science, and that the mmer's 
candle illuminates only the so-caUed practical, or even commercial, 
problems I submit that such opmions are not justified. The 
surveys made as a basis for geologic maps and stiuctuie sections, 
usually classed as belongmg to the reahn of pure science, often 
yield results which ai’e the most concrete examples of apphed geology. 
On the other hand, the exhaustive study of mmeral deposits is essen- 
tial to the solution of many fundamental geologic problems A 
close analysis will make it evident that the line of demarcation 
between the fields of pure and applied geology is, m a large measure, 
arbitral y. The collection to-day of a new group of facts or the 
determination of new prmciples relating to pure science may result 
to-morrow in their application to mdustnal problems. Mr. Gilbert 
has recogmzed two fields of geologic research, the one embracing 
the study of local problems of stratigi’aphy, structure, etc., the 

1 Presidential addrees dellvoMd before the GeOIosioal Society o! Washington, Deo 13, 1911 Beprinted 
by permission, with author’s corrections, from Journal of the Washington Academy of Soionoe, toI. 2,, 
No, 2, Jan 19, 1912, pp 19-48 

* Published by permission ol the Dlreotor of the United States Geologioal Snryey 
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other the general problems of geologic philosophy, and has shown 
that both may yield lesults of the highest industrial importance 
As David Paige has expressed it. 

Tlioro indeed can bo no antagonism between science and ait, between tlieoietical 
knowledge and its ecunoinie application The practical expression of a trutli can 
nevei be divorced from its theoietic conception 

If, m spite of what has been said, the two fields of science are to 
be diffeientiated, apphed geology may be defined as the science 
which utfiizes the methods and principles of pure geology to supply 
the material needs of man 

While the present tendency of geologic science toward the mves- 
tigation of problems of everyday life is patent to all, yet it is desir- 
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PlO 1 — ClEOLQQlC PDBLICATIONS, STATE AND FEDERAL APPROPRIATIONS FOB OEOLOOIO WORK, AJTO 
PERCENTAGE OP TOTAL NUilBLa Oi STATES SUPPORTING GEOLOGIC WORK TOE TUE TEARS 1S85 TO WDB 

able to express this tendency quantitatively Foi this purpose 
I have deternniied the percentage of geologic publications issued 
annually during the last quarter of a century devoted m part or 
entirely to apphed geology The result of this analysis is graphically 
presented m the diagram (fig. 1), in which the one curve represents 
the total number of publications, another, those classed as bearmg 
upon applied geology. This diagi’am is based on an actual count, 
judging by the titles, of the publications mcluded m the annual 
hibhography of North American geology. It is conceded, of couise, 
that a mere enumeration of titles is, at best, but a crude method, 
which neither takes into account the extent of the mdividual pub- 
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lications noi* attempts to appraise their Value to acience. However, 
I trust it will serve as a rough measure of the activities of North 
American geologists. On this basis the diagi’am clearly records a 
very rapid mcrease durmg the past decade m the ratio of publications 
dealing with apiilied geology to the total of geologic literature. 

The figures show that applied geology was at its lowest ebb in 
1890, when only 12 per cent, and at its highest flood in 1909, when 
47 per cent of the total publications related to this subject To 
consider the peicentage of economic papers by decades In the 
10 years endmg m 1895 the average was 22 per cent; for the following 
decade, 30 per cent, and for the last 5 years, 44 per cent, 

Amother measure of this trend m geology has been obtained by a 
similar classification of the pubhcations of the United States Geo- 
logical Survey. The result of this enumeration is shown m a second 
diagram (fig 2) In this it will be seen that m 1890 less than 1 
per cent of the publications issued by the Federal Survey treated 
of applied geology, and m 1910 the percentage was 98 Considermg 
it by decades Foi the 10 years endmg m 1896 the average of economic 
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papers was 11 per cent of the total number of pubhcations, m the 
following decade, 71 per cent, and m the last 6 years, 92 per cent. 

These figures are not to be interpreted as evidence that pure science 
has not been recognized m these publications of the Federal survey. 

I have classed with the applied geology group all publications which 
treat in any measure of this subject, though many of them deal chiefly 
with problems of more purely scientific interest For example, the 
geologic fohos, which mclude some of the most notable contributions 
to p>ure science, are here included in the literature of applied geology. 
To me it is less surpiising that nearly all the recent publications 
contain some practical deductions than that most of those of 20 j^'ears 
ago omitted aU data of this kmd 

The marked tendency toward practical problems, as indicated by > 
these figures, is by no means confined to one organization, for it is 
exhibited in the same degree by State suiweys and is also reflected 
in the work of the univemities. Nor is it limited to this continent, 
for countries as widely separated geographically and m scientific 
' traditions as South America, Japan, and Germany show similar 
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signs. Everywheie geologic reseaich of practical problems is receiv- 
ing more and more support, both publicly and pnvately. 

It IS pertinent to consider the attitude of the public at largo toward 
this economic tendency There are undoubtedly those who believe 
that the dhection of scientific woik should rest entirely with the 
investigator and not with the people Lot them hear m mind that 
geologic investigations, smee they mvolve heavy expenditures and 
trespass on private property, can, for the most part, be propeily car- 
ried on only thiough Government agencies, m this differing from 
such sciences as chemistry, physics, or biology, which con be fur- 
thered by private means If geologic surveys are properly a function 
of the State, in tho last analysis the people must be the final arbiters 
as to what phase of the science is to be emphasized In our democ- 
racy tho citizen has a right to mquue what he, as a member of the 
body politic, is gammg by expenditures from tho pubhc purse. 

It IS estimated, on the best data available, that during the past 
quarter century the total grants for geologic work made by State 
and Federal Governments aggregate over §8,000,000 This may be 
regarded as evidence of public confidence More significant to the 
present discussion 13 the annual grant of funds during this interval, 
and this is illustrated by a curve on the same diagram with those 
showmg character of publications (fig 1) This curve is in pait based 
on estimates, but these are without doubt sufficiently acciuate to 
indicate that the total annual appropriations of State and Federal 
Governments for geology have been augmented at a rate lyhich 
proves that they are affected by some other factor than that of in- 
crease of population The aimual grant of funds is now more than 
double that of 25 years ago. It is probably safe to interpret this as 
indicating that the present economic tendency m geology is approved 
by the people of the United States The close parallelism between 
the hues marlong tho publications relatmg to applied geology and 
the annual allotments of public funds foi geologic surveys is piobably 
not entirely fortuitous. 

Perhaps the best measuie of popular confidence m the results of 
geologic research is the number of different geologic organizations 
supported by public funds. We are apt to credit the obtaining of 
Government support for this or that research entmely to somo mdi- 
vidiial or orgamzation, foigettmg that, imtil the general pubhc has m 
a measure been persuaded of its value, all efforts would he useless. 
Therefore, when we find geologic surveys throughout the country 
supported by Commonwealths havmg widely different social and 
industrial conditions, it is fair to presume that the average citizen has 
vicquired the behef that these are attammg results beneficial to the 
' nmunity. The numerical inm’ease of State geologic smweys during- 
tUolast 25 years is illustrated by the curve on the diagram before you 
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wluch marks tke percentage of total number of States supporting 
geologic -worK (fig. 1). In 1886, 24 per cent of the States bad geo- 
logic surveys, m 1895 tlie percentage was 42, and m 1910, 80. 

This growing public interest is also manifested by the mciease in 
geologic teachmg at colleges and universities I mterpret the sta- 
tistics published by Prof T. C Hopkins as mdicating that m 1886 
thoie were about 220 of the highei institutions of leainnig m winch 
geology was taught, wlnle m 1894 there were 378 Of these, 51 had 
geology organized as a separate department I have been unable to 
find any raoie lecent data on geologic education, but that it has made 
great strides m the last 17 years wiE be conceded by aU It will also 
be generally admitted that the teachmg of economic geology is receiv- 
mg constantly greater attention m the colleges and techmeal schools. 
Moie significant evidence of the present status of geology among the 
people IS the fact of the large number of geologists now in piivate 
employment There are many professional geologists who are 
engaged m consultmg practice. Nearly every large minmg company 
and many railways include m then personnel one or more geologists. 
In a commercial dnectoiy of mmmg experts recently published fully 
10 per cent classed themselves as geologists, while an edition of the 
same diiectoiy issued 10 years ago mcluded only one who claimed to 
be a geologist While at that tune, as now, many mming engmeere 
were in fact professional geologists, they did not care to advertise the 
fact 

All this mdicates that apphed geology has durmg the last two 
decades become a dommathig clement m o\ir geologic woik, also that 
this tendency toward mdustrial problems pervades all geologic inves- 
tigations, whether under F ederal, State, or pi ivate auspices Further- 
more, it has been made evident that this trend is not limited to the 
North American Contment, but is world-wide It is clear, also, that 
since emphasis has been laid upon the economic side there has been a 
marked increase m the suppoit given to geologic work, from which 
fact may be drawn the logical conclusion that the pubhc mdorses this 
pohey. It does not neccssanly follow that this dommating practical 
note in geology has made for the advancement of the science. Before 
discussmg this important question it will be well to trace briefly the 
origin of geology as an apphed science 

It seems to be generally assumed that the apphcation of geology 
to industry was not attempted until after its development into 
a more or less complete rational science. It can not be denied that 
the application of the principles of a science must await the estab- 
lishment of those principles through scientific inquiries. It' Iri 
true, however, that long before geology had developed as a science 
men observed the geologic phenomena that bore on cortam voca- 
tions and often correctly mterpreted such observations. 
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The science of applied geology, therefore, had its origin among 
those who, like the mmers, were by' vocation brought into inti- 
mate contact with natural phenomena Many of the elementary 
facts relatmg to muieral deposits were forced on the attention of 
the mmer, and as the correct interpretation of these facts added 
to his material welfai'e, some deductive reasoning was undoubtedly 
applied. The inidimentaiy conceptions thus formed were more 
likely to be correct than those of the early closet academician, 
whose science for generations began and ended m pure speculation. 

Theiefoie, to trace the oiigm of applied geology the oldest archives 
treating of mmmg, quairying, agriculture, onghieering, and mmeral- 
ogy must be searched — a task which has been quite beyond me. 
And reachmg far back of any -written record was the traditional lore 
beaiToig on geologic phenomena of countless generations of miners 
and husbandmen Even the man of the stone age must have sub- 
consciously acquired Imowledge of the distribution of the materials 
which he fashioned into implements of the chase and war. If we 
are to allow our imagination full scope, we can conceive of some 
primitive oc onomif geologist who, by findmg a deposit of copper and 
icvcaling ihf bUpcrLm'ity of the new material for weapons, became 
the hero of his tribe. 

While our Aryan ancestors appear to have been ignorant of the 
use of metals when they hist invaded the Mediterranean countries, 
yet they acquhed a Imowledge of them from the Semitic races 
long before the dawn of history. In whming these metals piimitive 
man used methods which requhed neither any high degree of tech- 
nical sloll nor a Imowledge of the form of their occurrence Mmmg, 
being second only to agriculture in its importance to the human 
race, became more systematised with the progi-ess of civilization. 
By the time lustorical records began the recovery of metals and the 
quai'iying of budding stones were well-developed arts, and there is 
no reason to suppose that the mode of occurrence of the deposits 
exploited were ignored by those whose livelihood was mvolved. 

The rulers of this early period, keenly alive to the value of the 
metals, undoubtedly caused this somce of wealth and power to be 
investigated by able men. It is recorded that Philip of Macedon 
-evinced his interest in mining by exammmg in person some under- 
ground workings in Thrace. Jason’s search for the golden fleece 
pictures the prospector of those days as a national hero. In any 
event, it is certain that millions of ounces of gold and sdver and 
many tons of copper, as well as tm and iron, had been produced 
centuries before the Christian era We must believe that this 
production indicates a sufficiently developed mdustry to employ 
not only skilled artisans but also those who delved deeper mto 
the. problems of mining. The ancient Egyptians were eminently 
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practical and developed a high, degree of eloll in certain branches 
of engineering Undoubtedly the Egyptian engineers paid some 
heed to the distribution of building stones as well as to methods 
of quariying, while among othei peoples who excelled hi metal mining 
it is presumed there were ongmeers who specialized m miumg matters, 
as do then* successors of to-day. 

It IS far easier to speculate on the knowledge the ancients may 
have had of some of the pimciples of applied geology than to trace 
the actual extent of this knowledge Ancient Hebrew literature 
abounds in refeiences to the metals and their utilization, but fur- 
nishes little clue as to what was laiown of them The same is true oJ’ 
the lecords of ancient Egypt, in which both placer and lode gold are 
mentioned. One document that has come doivn to us shows that 
location of mmeral wealth was considered worthy of note. An 
ancient papyrus, datmg about 1350 B C , displays a crude map lor 
the purpose of locatmg Nubian gold mines. It is one of the oldc''l 
maps m existence and the first which can be said to impart geologic 
information The oldest written record of geology or allied subje^fis 
is Theophrastus’s descnptions of metals, stones, and earths, dating 
back to 315 B. C. Plmy’s work of fom’ centuries later seems to have 
been the first attempt at a complete treatise on minerals of econom.i 
importance, but he was more concerned m the utilization of the 
metals than in then mode of occurrence. Other of the ancient 
wnters, notably Aristotle, touched on geologic subjects, but rather 
from the standpoint of speculative philosophy than of mterest iii 
material problems. Some of the early geogiapbers and histonaiu, 
like Strabo and Herodotus, discussed the geographical distnbutuai 
01 the exploitation of metals Another field of applied geology 
is found m treatises on agriculture contaming references to characioi- 
fend distribution of soils Even Virgd ui his Bucolics attempts ii 
practical classification of soils. As this dwells on the physical rather 
than the chemical properties of sod, it would seem to have at leiist 
the merit of bemg m accord with some of the latest scientific maxuas. 

I have dealt with this subject as li the nations of Europe and 
western Asia had alone made advances in technology. Muimg and 
metallurgy, even m very early times, were important indijstnes ui 
both India and Chma, and it is not unlikely that there may he lu 
those coimtiies a literature of practical geology which antedates our 
own. 

The meager records of the early period of mming give no clue lo 
the knowledge of applied geology held by the ancients. But thai, 
they were not entirely ignorant of its prmcjples is to be presumud 
from the importance of the mmmg industry, and the absence of 
written records does not argue against this theory. The same is tl'iio 
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of other aits We do not aasume, Jor example, that the principles 
of mechanics applied to structures were not luiderstood because there 
were no mitten tieatises on aichitecture until centuries after many 
periods of architecture had successively developed and declmed. 

Scant as is the literature of mmeralogy and mming up to the early 
part of the Christian era, the succeedmg 10 or 12 centuries are almost 
entirely without records This was the medieval period of mtellec- 
tiial stagnation — the eclipse of scientific and critical thought The 
Arabs, who alone preserved the tiaditions of antiquity durmg this 
lapse, made consideiablc contributions to scientilic loiowledge, not 
ncglcctuig mmeralogy. Aside from this, there are only a few mmor 
references to the subject m the cluonicles of that time 

While science was neglected m the iliddle Ages, the arts con- 
tmued to progress, and among these immng was miportant It 
13 recorded that in Charlemagne's time thousands of mmers were 
employed m the metal mdiistry of northern Tyi’ol, and many other 
countries made notable contributions to the metallic wealth of the 
woild Coal mimng began in England and Geimany m the twelfth 
century In fact, the mining mdustry assumed an importance 
which attests a high degiee of admmistrative and techmeal sloU 

With the revival of leai'mng in the fourteenth and hlteenth 
centuries, scholai’s began agom to turn them attention to the 
natural sciences At fii’st they labored solely to veiify and amphfy 
the theories of the ancient writers, never doubtmg that the classical 
philosophers had encompassed the enth*e realm of human thought 
Generations of scholars sought then science m the Greek and Roman 
literature. But mth the Renaissance scholastic thought was freed, 
and then the first epoch of scientific geology began 

The wide chasm which separated the academician from the 
tecbmcian at that tune prevented any utfiization of the great 
store of geologic facts accumulated by miners The mmer had 
neither education nor mcentive to record the facts so laboriously 
collected, the scholar had yet to realize that natuie must be studied 
by observation and deduction, not by speculation alone. The 
cosmogonist wrote his treatises on the origm of the world with his 
vision hunted by academic walls, while the mmer held his Imowledge 
as important only for his need 

Agricola was one of the fii-st scholai-s to consider the practical 
problems of the minor. His works, pubhahed m the middle of the 
sixteenth century, show both keen observation and realization of 
the importance of apphed geology. The German mining mdustry 
had at that tune advanced sufficiently to have a large technical 
vocabulary of its ovm. But as Agiicola wrote m Latm, he was 
lorcod to translate these technical terms as best he could German 
mining methods and terminology must then have found wide accept- 
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ance m Europe, for Pierre Belon, tlie Frencli naturalist, recorded 
that 111 1546 they were m use m the Thracian gold fields — then 
as now a part of the Ottoman Empire 
In Agi’icola’s day there appeared a numbci of other treatises 
deahng with some phase of apphed geology These weie mostly 
devoted to mmeialogy, which was destmed to become a science 
long before geology had passed beyond the speculative stage Most 
of this early literature was m Latin and thciefore calculated to have 
httle mfluence on mmmg practice It did, however, brmg the 
scholai into closer touch with the phenomena of natuio and thus 
pave the way for a rational science of geology 

In the early history ol the science pure and applied geology can 
be compared with two confluent rivers having widely separated 
sources — the one sprmgmg from the high realm of siieculative 
philosophy, the other havmg a more lowly subterranean origin. 
These two streams of thought gradually diew togethei, for a space 
flowmg side by side, and finally merged mto one great stream 

The following passage, written by Peter Martyr, in 1516, while 
describmg the golden wealth of Hispamola, reflects somethmg of 
the status of geology m bis day: 

They have found by experience thab the Yem of gold is a living tree, and that the 
same by all ways spreadoth and apimgeth fiom the loot, bv the soft pores and pas- 
sagoa of the Earth, putteth forth hiunches, even to the uppermost pait of the Earth; 
and ceaseth not until it discover itself unto the open air, at which time it sheweth 
forth certain beautiful colours lu the stead of flowers, round stones of golden Eaith 
in the stead of fraits, and thm plates in stead of leaves For they thmk 

such grama are not engendered wheie they are gathered, especially on the dry land, 
but otherwise in the Elvers They say that the root of the golden Troe extendeth 
to the center of the Eaith, and thoie taketh nourishment of mciease foi the deeper 
that they dig, they flud the tnmks thereof to he so much the greater, as far as they 
may follow it, foi abundance of water springing m the Mountains 

This fantastic account of gold deposits contains a sufficient kernel 
of truth to mdicate that the writer had at least some romprobousion 
of the form of auriferous vems and their relation to gold placers 
One of the earliest recoided attempts of a practical application 
of geology IS that of Geoige Owen, a country squire of Wales, who 
about 1600 prepared a lengthy description of Pembrokeshire in 
which he discussed the occurrence of limestones and coal. Ho 
appears to have been the first to note the change of bitummous coal 
to anthracite. Owen’s practical purpose is made clear hy the fol- 
loAving quotation from his writing 

it may be a guide to some parties to seek the lymestone wheie. it yet heffi 
hidden and may save labours to otheis in seeking it where theie is no possibility to 
find it 

While men of the Agncola type were assembling and classifying 
observations on mmerala and ore bodies, another group of scientists 
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■was engaged in wordy wars about- such problems as to whether 
fossils had boon formed by the influence of stars or were the remnants 
of formei hvmg oiganisms It is noteworthy that among the most 
i-ationai contributions to this discussion, which contmued over a 
century, were those of Leoiiaido da Vinci and Nicholas Steno, tho 
first ol whom based his aiguments on his own observations as an 
engineer, while the second had some practical experience m the 
study of oie bodies. These two belonged to the class of scientists 
designated by John Webster in his History of Metals, published in 
1671, as “expeimiental obseiveis,” of whom he says- 

For either they weie such as attended the mines, or went thither to converse with 
the workmen to intoim themselves, or bore some office about those places, or were 
those that either for cmiosities sake, or to enrich their knowledge, dia gather together 
all the mmeials they could, or used the most ol all these ways to gam iinderstnndmg 
And theiefoie I commend these above all the rest befoie named, to be read and studied 
of all offleei's and men belongmg to any mineral oi metallick works, and of all young 
students and begmneis that seek after mineral knowledge because these authors 
speak not altogethei by opmion, fancie, and conjectuie, but forth of their own experi- 
ence, and the exponeuce of those that weie conversant about the mmes, and gettmg 
of ore, and purif3ring and lefining of them, and theiefore more certain to be relyed 
upon for leadeie and teachers And more, because they have written what they 
knew, openly and plamly as the subject would beai, and not m parables, and senig- 
matical expressions 

This treatise contains, amid much that now appears cbilcUsb, some 
practical bmts for tbe disco v'ery of ore bodies Webster laments tbe 
almost universal ignorance of this subject, wbich ho accounts foi as 
follows ; 

That the way and means to discover the nature of minerals, is not oncly difficult 
and dangerous, hut in itself is so sordid, base and troublesome, that the most men of 
parts, will hardly adventure themselves mto the pits oi shafts wheie oies aae usually 
gotten, noi can induie to stay so long, that they can rightly inform themselves of any- 
thing that may he satistactoi'y to their inqimies And the Mmers oi Workmen (for 
the moat part) being but people of the most indigent sort, and such as whose knowledge 
and aims leach no higliei than to get a pooi hving by that slavish laboui, regard to 
infoim themselves of no more then what may conduce to such a poor and servile kind 
of living, by which means they are little able to give any learned man satisfaction to 
those necessary inquiiiea that might tend to enable hun to judge rightly of the nature 
of the things in that aubtcrianeous kingdom 

The prejudice of the scholar again.st leaniiiig from tho miner, so 
quaintly described by Webster, gradually died out m tbe eighteenth 
century. Thereby the science profited much, through acqiining a 
better groundwork of fact, while, on the other hand, ti'clmologi 
derived assistance from apphed science. Even before Werner day 
a number of mining officials discussed m print the occurrence of min- 
eral deposits As a result of this better understanding between the 
scientist and the practical man geology developed from a condition 
of pure speculation into a science which approached the rational and 
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concrete It need hardly be added that the adrances made in chem- 
istry, physias, and biology were essential to this progress 

By the latter part of the eighteenth century conceptions of strati- 
graphy began to take definite form In this field, again, the minor 
to a certam extent forestalled the scholar, for he had recognized that 
locally, at least, the earth crust was built up of superimposed strata 
havmg a definite order He had also noted that this order was some- 
times mterrupted by bieaks and in the underground woi kings had 
opportunity to grasp some details of tectonic geology 

The advancement of science and arts toward the end of ihr eiglit- 
eenth century had been such as to create a demand fo’ iri'.iued 
engmcci’s In the field of technical education mming was gneu the 
first recognition, for the school at Freiberg was estabhshed in ITfio, 
20 years before the existence of schools of any other brancli of engi- 
neermg, except those devoted to mihtaiy science This school was 
to have a world-wide effect on geology, through the mft k'dco of 
Werner, the first great teacher of the science The founding of other 
mming schools followed rapidly, indicating a need throughout con- 
tmental Europe for trained mming engineers With the evception 
of Freiberg none ot these schools gave special heed to science, buf, ibcir 
establishment was of great importance to apphed geology, in ii, gfivo 
definite recognition to the fact that mming was to be directed by 
engmeers and not by artisans The advent of the trained tiu img 
engmeer was of first importance, for on hmi was to fall much of Uio 
work of advancing the new science. 

On the Contment mming was chiefly earned on by or under r.lie 
dh’ect supervision of the State, and the need of properl i mined 
engmeers was probably the chief reason why technical mining edu- 
cation began before other branches of engineering In England, 
on the other hand, mining was mostly a matter of private enter- 
prise, and technical education lagged far behind the ('oniinenl 
The men entrusted with the direction of mming affaim si'em f.o 
have been drawn from the practical school of experience and vrere 
known as mineral surveyors. To this class belonged William !^mith, 
the founder of stratigraphic geology. 

Worthy of note also is John Williams, a mineral surveyor, vdio 
preceded Smith by one generation Williams was a Jl’clshm-UL 
who was bred as a miner, served as a soldier under the Dutch flag, 
and held various responsible positions in the coal and lead mining 
industries. In 1789 he published a Hatm’al History of the Mmi'i'a! 
Kingdom, which is remaikabie for expressmg some of thi miidern 
views on applied geology It contains a large number of nocunue 
observations, notably on coal and lead deposits. In (bscuseing 
ore deposits Williams suggests a probable genetic relation berween 
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was engaged in wordy wars about such problems as to whether 
fossils had boon foimed by the inJluence of stais or were the remnants 
of foimei living oiganisms It is noteworthy that among the most 
mtional contiibutions to this discussion, which continued over a 
century, wore those of Leonaido da Vmci and Nicholas Steno, the 
first of whom based his aigumcuts on his owui observations as an 
engineer, while the second had some piaotical expeiience m the 
study of 01 e bodies These two belonged to the class of scientists 
designated by John Webster m his Histoiy of Metals, jiublished m 
1671 , as "expeimrental ohserveis,” of whom he says. 

Por eithei they 'were such as attended the luraes, oi went thither to converse with 
the workmen to inform themselves, or bore some office about those places, or were 
those that either for curiosities sake, or to eniich their knowledge, dia gather togethei 
all the mmeials they could, or used the most of all these ways to gam understanding 
And therefore I commend these above all the rest befoie named, to be lead and studied 
of all officers and men belonging to any mmeral or metallick works, and of all young 
students and begmueio that seek attei mineial knowledge because these authors 
speak not altogethei by opuuon, fancie, and conjecture, but forth of their own experi- 
ence, and the experience of those that weie conveisant about the mmes, and getting 
of ore, and puufymg and lefining of them, and tbeiefore more certam to be relyed 
Upon foi leaders and teachers And moie, because they have written what they 
knew, openly and plamly as the subject would bear, and not m parables, and sanig- 
matical expiessioas 

This treatise contains, amid much that now appears childish, some 
practical hints for the discoveiy of ore bodies Webster laments the 
almost universal ignorance of tins subject, wbich ho accoimta for as 
follows. 

That the way and means to discover the nature of mmeials, is not onely difficult 
and dangerous, but m itself is so soidid, base and troublesome, that the most men of 
parts, will hardly adventure themselves into the pits oi shafts wheie oiea aie usually 
gotten, nor can indnie to slay so long, that they can rightly inform themselves of ony- 
thmg that may be satisfactory to their mqumes And the Mmera or Woikmen (for 
the most pait) being but people ol the most indigent sort, and such as whose knowledge 
and aims leaeh no highei than to get a pool living by that slavnsh labour, regal’d to 
inform themselves of no moie then what may conduce to such a poor and servile kmd 
of living, by which means they aie little able to give any learned man satisfaction to 
those necessary inquiries that might tend to enable hun to judge lightly of the nature 
of the thmgs m that subten’aueous kingdom 

The prejudice of the scholar agamst leammg from the miner, so 
quaintly described by Webster, gradually died out m the eighteenth 
century Thereby the science profited much, ■"''”’0 f . 

better groundwork of fact, while, on the oth .(I l.’iv 

derived assistance from apphed science Even before Werner’s day 
a number of mining officials discussed in print the occurrence of min- 
eral deposits As a result of this better understanding between tta 
scientist and the practical man geology developed from a condition 
of pure speculation into a science which, approached the rational and 
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concrete. It need hardly be added that the advances made m chem- 
istry, physics, and biology were essential to this progress 

By the latter part of the eighteenth century conceptions of strati- 
graphy began to take definite form In this field, again, the miner 
to a certain extent forestalled the scholar, for he had recognized that 
locally, at least, the earth crust was built up of superimposed strata 
having a definite order He had also noted that this order was some- 
times mterrupted by breaks and in the underground workings had 
opportunity to grasp some details of tectonic geology. 

The advancement of science and arts toward the end of the eight- 
eenth century had been such as to create a demauit fur Irairtcd 
engmeers In the field of technical education mining was gL',''ii the 
first recognition, for the school at Freiberg was establ^lK'd m 17{> i, 
20 years before the existence of schools of any other luiim !i (d i ogi- 
neeimg, except those devoted to military science Tlu- so.'iool was 
to have a world-wide effect on geology, through tlie mnueiu’o of 
Werner, the first great teacher of the science The fouTuluig of oihcr 
mining schools followed rapidly, radicating a need tliioug'ioui con- 
tmental Europe for trained mining engmeers With il'.e {‘xcopiioin 
of Freiberg none of these schools gave special heed to sck'uc'’, hut ilmir 
establishment was of great importance to applied geoiog'-, a-i it gave 
defimte lecognition to the fact that mming was to Ix' (hi’ocled by 
engmeers and not by artisans The advent of the iviiiuod minitig 
engmeer was of first nnportance, for on him was to fall much of the 
work of advancing the new science 

On the Contment mining was chiefly cairied on bv o- iiiuler t^ie 
direct supervision of the State, and the need of proncvlv tunned 
engmeers was probably the chief reason why technnnl imning edu- 
cation began before other branches of engineering In England, 
on the other hand, mmmg was mostly a matter of nriAalc enter- 
prise, and technical education lagged far behind ilu' Goiirmeut 
The men entrusted with the direction of mmmg .iff ah', teem to 
have been drawn from the practical school of experunco rud were 
known as mineral surveyors. To this class belonged William Siniih 
the founder of stratigraphic geology 

Worthy of note also is John Williams, a mineral tui'vcAmr, who 
preceded Smith by one generation Williams wa^- a IVi'Idmuin, 
who was bred as a mmer, served as a soldier under the T)ui<'li il.ig. 
and held various responsible positions in the coal and load miiung 
industries In 1789 he published a Natural History oi the iJiuernl 
'Kingdom, which is remarkable for expressmg some of ihi' modoru 
views on applied geology. It contains a large numhi'i’ of accurate 
observations, notably on coal and lead deposits. In ci]-5(;u.si.ing 
ore deposits Wilhams suggests a probable genetic relation boiwocn. 
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intrusive dilies and mineral veins. Unfortunately for Williams's 
standing as a scientist, he considered it necessary to present a 
theory accounting for all geologic phenomena and to show the errors 
in Hutton's conclusions, which had then just appealed 

Inasmuch as Williams treated coal deposits quantitatively, he 
was far ahead of his generation. He pointed out that coal beds 
are defhutely limited, and this at about the tune that Werner was 
preparmg to launch his theory of “Universal fuimations ” A 
few quotations from tns book will serve to illustrate Williams’s 
attitude 

The lesult of liis invesUgatiou lefiitcs by inference anotliei enoneoiiB opinion 
concerning coal, which I have often heard asserted with great confidence, viz , that 
coal to inexhaustible That the fund of coal treasured up in the supeificea of the 
globe, for the accommodation of society, is veiy gieat, I leadily acknowledge, but 
that It IS iuoxhauBtible, in the proper sense of the word, I deny 

If our coala ically aae not inexhaustible, the rapid and hivisli consumpt of them 
Calls aloud for the attention of the Legislatiue, because the veiy existence of the 
toetropohs depends upon the continued abundance of this precious fossil, and not 
only the metropolis, but also the existence of the othei cities and great towns, and of 
the moat ferfile countries in the three kiugdoms, depend upon the abundance of this 
valuable article, and moreovei, moat of our valuable mauut.actiues aio intheeame 
predicament, and, theiefore, if our coal mmes aie not inexhaustible, it is high time 
to look into the real state of our collieiies 

I feel m myself a strong reluehince against sounding the alaim to my countiy m a 
matter of so much importance I am but an obscure indmdual.of veiy little conse- 
quence in the world, and I have not the least doubt that I shall be seveiely censuied 
by many foi my piesumption, and therefore I proceed with sensible remorse, but it 
isnot guilty remorse, on the contraiy, my heart tells me, that weie I to tempoiize 
with my own feelings of reluctance, and to conceal a truth which so nearly concerns 
the welfare of the community, for foai of incunmg censure, my silence would be 
unpardonable 

The present lage for cxporlaug coals to other nations may aptly be compared to a 
Careless spendthrift, who wastes all in his youth, and then heavily drags on a wretched 
life to imaeiable old age, aud leaves nothing for his hens 

While Williams’s dire prophesies, made a century and quarter 
ago, of the early exhaustion of England’s coal have not been jus- 
tified, yet he seems to have been one of the fiist to uige upon public 
attention the close relation between the prosperity of a nation and 
its fuel supply. He was also a pioneer m recommendmg governmental 
suiweys and investigations of mineral lesources. After pomtmg out 
the value of the Cape Breton and other coals in the British North 
American possessions and recommendmg their development, he goes 
on to gay. 
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ascertain the thickneas, quality, and situation of each atratum of coal that may bo 
judged worth attention , and to make out a full and eubslantial report of all the material 
circumatances relating to each coal, for the information and use of Government, and 
of such gentlemen and cornpamea as may wish to look into this interesting subject 

These recommendations for governmental sinveys of mineral 
resources were made a generation before they were followed and 
fully hall a centuiy before the nations of the world were geneially 
to accept the principle Williams also touches on some of the prob- 
lems which absoib us to-day Aftei advocating the investigation 
of the colonial coal fields, he savs, in woids which have a familiai iiug 
Wlien tins leport la made and considered by Government, suitable encourageniout 
elioukl bo offoied to gentlemen and to companies of character, stock, and abilities for 
such undertakings, to open and work some of those coals 
The first undoitakeis should he allowed a siifficienGy extensive coal field, and oveiy 
leasonable piiviloge and mdulgenco, but they should not have a mnnopuly Other 
adventurers should have loom to employ their skill and c apitals in this line of husmeas 
in the west as well as in Bntam Monopolies seldom do much good The views of 
monopolists are always too selfish and confined to be of extensive utility and public 
benefit 

Wliiie Williams was among the first to recommend governmental 
mineral surveys, the idea of showmg mineral deposits on maps 
appears to have been a pait of a plan for soil maps conceived by 
Ifiartin Lister a centuiy before, and put into practice by GuettSid m 
1740 Sir Archibald Geikie has credited the first geologic map to 
this ennnent French naturalist, hut has not sufficiently emphasized 
the fact that Guettard’s map also showed the distiibution of mines 
and mmeial deposits Others followed his example, and before the 
close of the eighteenth century the caitographic icpiesentation of 
geology and miiieial deposits had become well established 
The mneteenth centuiy opened durmg the epoch of intellectual 
fieedoiii which followed the tuimoil of the Fiench Revolution. The 
tune was favorable to the progress of science The scholar felt free 
to follow scientific inquiries to them logical conclusions untrairuneled 
by the interdict of authonty. Nowhere was this more true than in 
the field of geology, for, notivithstanding the efforts of dogmatic 
theology for upward of half a centuiy to doinmate geologic thought, 
its edicts could hamper the growth of the science but little 

Further mcentive sprang from the development of new political 
ideals As the Nation began to concern itself with the needs of the 
individual citizen the appheation of science to human needs was 
encoiuaged Under the old regime, so long as the wants of the luhng 
classes weic supplied no thought was given to the wants of the 
niasses When tlus attitude was changed it was natural to seek the 
aid of the scientist m amelioratmg conditions Therefore the dawn 
of the new centuiy was propitious not only to the advancement of 
pure science, but also to a general appreciation of apphed science. 

' ’ 86800"— SW 1913 
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Nowliere weie conditions for the evolution of geologic science 
better than in our own land Being far removed from the con- 
tioversies which occujiied the sole attention of many European 
geologists, we could accept or leject vnthout prejudice this or that 
theoiy Oiu people had enteied upon the exploitation of a now land, 
with houndloss possibilities of natural wealth, and pioneei conditions 
bi ought most of them into intimate contact wnth natui al phenomenon. 
Boolcs of tiavel wiitten in the early part of the centuiy beai witness 
that a close ohsoivation of geologic facts was forced upon every 
travelei 

A general interest in science and its application was prevalent in 
America, even m colonial times This was reflected m the scientific 
and practical character of educational ideals In its fii-st advertise- 
ment, issued m 1754, Columbia College (then called Kmg’s) provided 
for the instruction of youths— 

ui the aita of numbering and measuimg, of surveying and navigation, of geography 
and history, of Imsbandiy, commcicc, and govoinmeut, and in the knowledge of all 
natuio m the heavens above us and in the an, water, and eartli around u.s, and in the 
various kinds of meteors, stones, mines, and minerals, plants and ammals, and eveiy- 
thmg useful foi the comfort, the convenience and elegance of life, and in the chief 
manufactures of these thmgs 

This was half a century before the idea of scientific and technic{\.l 
instruction had taken loot in European countries In the period 
extending fiom 1768 to 1811 chans of chemistiy were established m 
11 colleges of the Umted States In 1824 the Eeusselaer Polytechnic 
Institute was founded — the fiist school of applied science m any 
Euglish-speakmg country The avowed aim of this school was to 
apply “sciences to the common purposes of life ” Van Rensselaer, 
who founded it, was a patron of geologic science, and Eaton, the 
geologist, its fiist president. 

Geology had, however, received recognition in several American 
colleges long before the founding of the Rensselaer Institute. Accord- 
ing to Prof Hopkms theie were 31 American colleges which offered 
courses m geology?- previous to 1845 Of these, one began teaching 
geology hi 1804, one in 1807, one m 1819, and one in each of the year's 
from 1820 to 1845 The large number of scientific societies founded 
at this time shows the widespread interest of the people m science. 
Nearly evei'y town had its lyceum of natural history, while the larger 
cities boasted of academies of science and similar associations, of 
which several have survived to the present day In 1819 the Ameii- ’ 
can Geological Society was orgamzed — only 12 years after the found- 
mg of the Geological Society of London and nearly 30 years before 
that of the Deutsch Geologische Gesellschaft 

Numerous journals devoted to science and art were established 
during the period under discussion. While some of these were only ' 
short hved they attest the interest in science of the American people. 
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Another example of this interest is found in the course of lectures on 
natural histoiy which, accordmg to Di. Merrill, were deliveied before 
the New York State Legislature by Amos Eaton m 1818. This is 
probably the only instance in our history where a body of law makeis 
have welcomed serious instruction in scientific matters. 

Most of the collegiate instruction and the scientific societies had for 
their purpose the promoting of knowledge in pure rather than applied 
geology, but it was in the latter that geology really had the support 
of the American people One far-reaching mfluoncc on the develop- 
ment of applied geology in the early part of the last century was the 
scarcity of minmg engineers or experienced operators, while the voca- 
tion of prospectmg was almost nonexistent. Our mining industry 
was m the early stages and there were almost no engineers and but 
few so-called practical men to whom the people could turn for informa- 
tion In European countries, on the other hand, centuries of minmg 
had developed a class of professional men other than geologists who 
were considered authorities on miaeral wealth But in our own 
country it was the scientist rather than the engmeer or the practical 
mmer who was called upon for information. This not only led to the 
utfiization of science m the prehnxmary work of seekmg mineral 
deposits, but also had the effect of forcing the scientists to give their 
mvestigations a practical turn. 

Either from choice or necessity, the early American geologists, 
like their successors of to-day, always emphasized m their work the 
needs of the commumty McClure devoted much of the brief text 
which accompamed his geologic map of the eastern United States to 
the relation of geology to agriculture. Eaton’s first woi’k bore on 
the resources of the region adjacent to the Erie Canal Rodgers 
elucidated the structure of the coal fields, while Jackson attempted 
a classification of the puhhc lands of the State of Maine. 

I venture the opinion that one reason why the investigators of 
this contment have accomplished so much for the advancement of 
geology is that then reseai’ch has never been entnely divorced from 
the field of applied science. We have had no dislmct schools of pure 
and apphed geology, as there were until recently m other lands, In 
Europe there was the practical school of the miner, whose scientific 
conception seldom reached beyond his immediate environment; and 
there was the school of the scholar, whose angle of vision was apt to 
be too wide to focus on facts near at hand There were, mdeed, 
some exceptions, for the scholar Agricola learned from the miner, 
Werner’s teaching was, m theory at least, an application of geology 
to the mineral mdustry; and William Smith used his knowledge of 
stratigraphy m the practice of his engineering profession. Even in 
Europe the distmction between the work of these two schools has now 
’ almost disappeared. 
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The general interest and faith in science during the earlv history 
of our countiy is well exemplified m the attitude of pnbhc men 
Our first two presidents, m spite of the fact that they differed greatly 
in temperament and experience, showed more interest ui scientific 
work than almost any of their successois Waslungton’s training as 
an explorei, surveyor, and planter and his close connection with the 
begimimgs of the iron mdustry is perhaps sufhcient to account for 
his attitude toward science He is probably the only President who, 
by his own efforts, attempted to advance applied science, Wliile 
Piesideiit he started an investigation of the sods of the Eastern States 
through personal correspondence More unportant, however, was 
the work of Jefferson, m brmgmg about the establishment of the 
chair of chemistry at the University of Virgmia, thereby mtrojucmg 
scientific teaching into this country. He also discussed the muieral 
resources of Virginia in his book on that Commonwealth, wiofn, 
while Vice President, geologic paper, and, above all, inaugurated that 
system of exploration and investigation of the trans-Mississippian i egion 
which was to yield such fniitful results m the century to follow 
John Adams, while he took no personal part in promoting scientific 
research, manifested interest in it by helping to establish the American 
Academy of Aids and Sciences 

A review of the conditions which brought about the rapid giowth 
of geologic work m this country during the first decades of the nine- 
teenth centuiy can not fail to consider the pohtical and industrial 
situation The War of 1812 had united as one nation the Common- 
wealths which up to that tune, m spite of the federation, had strong 
centrifugal tendencies During the war with Great Britain New 
England had been on the veigo of rebellion, while the trails- Appa- 
lachian region was not hold to the East by any stiong bonds The 
country, rent by domestic quarrels and the turmod of opposmg 
political factions, paid small heed to the problems of mdustry and 
commerce. 

After the war the people thoiiglit less about State lights and more 
about industrial prosjieiTty Theie was no longer a French party or 
an English party, but men of all pohtical faiths had come to the 
conclusion that we must work out our own salvation Wo had 
learned to supply our own material needs during the war, when 
Enghsh fngates cut off European sources of supply In short,' the 
Nation had found itself and was ready to begin to harvest the xe- 
sourcos of the vast territory which the war had settled for ah, time 
was to be our own. Our people, while possessing the self-confidence 
of the pioneer, were facing new problems, and, guided by their sci- 
entific instincts, turned to the scientist for help 

In spite of the fact that the war had developed a relatively strongly 
centrahzed Federal Government, yet our pohtical theory was Still 
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one of State rights Moieover, the Repubheans were in power, with 
a hopelessly small Federahst nunonty It was natural, therefore, 
that the people, loyal to their pohtical faith, should turn to tlie Com- 
monwealths for aid in developing the new land Tins aid foi the 
most part took the foiin of large giants foi pubhc improvement of 
transportation facihtiea — at hist foi canals aiul wagon roads, later 
for railways Dm mg the period euthng vuth 1S3S the States bor- 
rowed sums aggregating over , 1160, 000,000 foi puiposes of pubhc 
improvement Compaied with this sum, the expeinhtures foi geologic 
siuweys wcie smah It is a sigmhcant fact, however, that in 1838 a 
laigei percentage of Ihe States supported geologic surveys than in 
any subsequent year until 1S9S Tins is giaphically illustrated in 
hgiire 3. The uppei curve shows the total niimbei of States and the 
lower the percentage of total numbei winch supported geologic sur- 
veys between 1826 and 1910 

The veiy rapid increase in State surveys is aU the more significant 
when compaied with the status of governmental surveys in Euiope 
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ElO J — Tot\L NUMBEB and PFBLENTAGr OF lOTiL miMBEn OF St ITES SUPPOETIKG GEOLOGIC 

■WOHK, 1325 TO ISllJ 

Though much geologic woric was done in European coimtries during 
the early part of the century, it was not until about the middle that 
the Governments began orgamzing systematic surveys England led 
by estabhstung her survey in 1832. Next came surveys of Austria- 
Hungary and Spain, orgamzed m 1849, of Bavaria m 1851, and France 
m 1855 Most European countries did not undertake systematic, 
geologic surveys until about 1860, or more than 20 yeai’s after our first 
maxima of State surveys had been reached 

As already indicated, the principal influence that led to this first 
era of State surveys, as Dr Merrill has called it, was the widespread 
iDterest in scientific investigations and the great industrial advance- 
ment which created a demand for the piactioal results of such invests 
gations A good example of the faith the people had in apphed geology 
is found in the first geological survey made in Georgia, which was paid 
for by landowners of two counties— a condition that has ncAwr been re- 
peated until recently in some of the rich minmg districts of the West. 
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Another reason for the large nnmber of State grants for geologic 
work lay in the general westward movement of population from 
the Atlantic States This had a twofold effect on geologic surveys. 
First, it gave nse to a demand for information about the new lands, 
and second, it put the older States on their mettle to hold their popu- 
lation So rapid was the westward movement that the Atlantic 
States became alarmed for tbeir future In 1815 and 1816 the legis- 
latures of both North Carohna and Virgima appointed committees to 
devise means for checking the chain on their population. This was 
unquestionably the motive in estabhshing many of the Eastern State 
suiweys and in dnectmg their activities toward agricultural problems 

Meanwhile the Federal Government had undertaken the inves- 
tigation of the resources of the unorganized western Territories 
The chief purpose seems to have been a classification of the public 
lands — a work which was to be interrupted for over half a century 
and then resumed as the proper function of Federal geologists 

Accordmg to Dr Men’ill ^ the first epoch of State surveys deckned 
even more rapidly than it arose, due largely to the financial crisis 
of 1837. An era of promotion, inflation, and straxnmg of State 
credits to their uttermost, accompanied by a waste of the bonowed 
milhons and the lack of any sound Federal financial policy, resulted 
in a money pamc, the collapse of many ill-advised enteipiises, the 
repudiation of their public debts by several of the States, and a 
widespread commercial depression. It is no wonder that, under 
these conditions, geologic surveys were regarded as luxuries that 
might well be spared; particularly since these first govormnental 
surveys, it must be admitted, hardly justified themselves from the 
standpoint of practical results. This fact does not detract from 
the credit due the pioneer geologists who carried on these surveys 
under almost msuperable drfficulties. They learned much about 
areal distribution of the laiger geologic units, but most of the investi- 
gations wciG not detailed enough to yield results of practical value 
Moreover, even in that day many geologists were still hving m 
“flat land” — they considered foimations m only the two horizontal 
dimensions , for ivhilo the vertical element was by no means ignored, 
it was not clearly understood 

During the decade following the panic, few States had surveys, 
and no great progi’ess was made m the science boyond the publica- 
tion of results attamed m the previous era Though the contnbu- 
tions to geologic literature by the class of professional geologists — 
whose appearance was perhaps the most important result of the 
activity of the previous decade — were not ummportant, yet as a whole 
both pure and applied science were at a rather low ebb. 


' Tha astenslvD use I have wada ol “Contabuttona to the Hlatoiy ol American Geology,” by G. P, 
Merrill, Waablngton, 1901, will bo evident to all who havo read that Work. 
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The panic was but a temporary check to the industries, however 
The estmiated production of pig iron w^as 347,000 tons in 1840, and 
600,000 ni 1850, while tho coal production dnrmg the same period 
increased from 2,000,000 to 7,000,000 tons, and the railway mileage 
from 2, SIS to 9,021. These uidiistrial advancements were accom- 
panied by the rapid settlement of the Middle West, by tho begunimga 
of copper mmmg m Michigan in 1844, and of iron mmmg in Mchigan 
and Missouri m 1853, and most important of all, the discovery of 
gold m Califoinia m 1848 All this activity gave a new unpetus to 
geologic work, which is leflected ui the revival of interest in State 
surveys At this tune, too, men began to dream of a transcontinental 
railwaj’', and therofoie tho Federal Goverinnent iindeitook a more 
systematic exploration of the western corddloran region than had 
previously been made The curve of State surveys, as seen m the 
diagiam, contuiued to rise until the outbreak of the Civd War, 
In this second epoch of geologic work the States of the Middle West — 
then the fioiitier — led This was but natural, because history has 
proved geology always appealed more stioiigly to tho picneer than to 
any other class of people 

It is difficult to measure the accomplishment of this second period 
of geologic activity under State and Federal auspices, owang to its 
abrupt teimmation by the Civil Wai, which interrupted many 
impoitaiit investigations. One fact stands out clearly That applied 
geology wms the mamspimg of most of the rescaich, and the results 
indicate that pure science had not been the losei thereby 

The prosperous time following the Civil War in the Noith and 
West, with its almost unique mdustrial advancement, again centered 
public mterest on mineral lesoiiices This caused the Federal Gov- 
ernment to lesume exploiations m the West, which took the foim of 
areal geologic surveys and in some cases detaded study of mineral 
deposits Many States undertook similar work, and the curve of 
geologic surveys arose until the mterruption by the panic of 1873. 

The lesults thus attamed pioved a final justification of geology, not 
only as an intellectual pursuit, but also as a practical aid to inanltmd. 
While the immediate benefits of these mvestigations were large, they 
were not so impoitant as the institution of geologic mappmg, based 
on accumte mensuration Crude as those maps were compared with 
the present standaids of refinement, they repiesent the earliest 
general attempt m.this countiy to apply engmeermg methods to 
geologic problems It was very unfortunate that this fust epoch of 
engmeermg geology, as it might be called, was so soon mteirupted 
and the woik practically discontmiied for over a decade The people 
were, in fact, hardly educated up to an appreciation of its vMu6; 
moreover, the natural resources that could be readily exploited 
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without the aid of science were so extensive that the tune was hardly 
iipe to make full use of this new geology, 

We have seen that the period folloiving the Civil Wai was especially 
favoiable to the development of applied geology The same is true 
of puie science. This, in fact, has been the Instoiy of geology in this 
counti3'' — advances in pure science weie always in more m less diieet 
propoition to advances made iii the applied science 

It has been shown that, in the early history of the Nation, the 
genius of the Auiericau people was essentially scientific A deep 
inteiest was felt both m the facts and deductions of science, and in the 
affairs of life deference was paid to the opinion of the investigator. 
Unfortunately, foz leasons which are difficult to fathom, this scientific 
attitude gradually declined At the begmning of oui natiijiial exist- 
ence we weie in close contact with the intellectual life of Em ope, 
which was then essentially scientific Tins gave us oiu fii&t intel- 
lectual stimulus and led us to do our full shaie of the woik of ad van c- 
mg both puie and applied science. Then came an mteiim between 
the lime when we forsook the intellectual standards of the Old World 
and befoio we fully established those of oui ovm Meanwhile, the 
opening of a continent, ivith its unbounded lesouices, was calculated 
to bring out the chai aoteristic efficiency and self-ieliance of the aver- 
age American Then gradually developed what may be called the 
ora of the “practical man”— an era chaiaoteiized essential^ by 
unscientific thought among the mas^ of the people. The “practical 
man” now became a national fetish, and the people, ovei looking the 
fact that his success was due to eneigy and oppoitunity, attributed it 
rather to the absence of tecbmcal and scientific knowledge Nowhere 
was this national trait bettei shown than in the inineial industry, 
where the era of the “practical man” cost the Nation untold millions. 
His distiust of applied science was deep-iooted For a generation 
every mmmg community swaimod \nth those self-styled experts, 
whose technical and scientific limitations were only exceeded by their 
blatant self-asseition 

Unfortunately^ at this time there also developed between the 
geologist and the niimng engineer an antagonism winch was detri- 
mental to the advances of the science A school of geology arose 
winch revived to a certain extent the ancient practice of specula- 
tion mthout observation and regarded itself as moving in a higher 
intellectual sphere than that of the engineer, who dealt with practical 
problems On the other hand, many engmeors came to regard all 
work of the geologist as either visionary or purely speculative 

Since the rise of the modern school of apphed geology, which may 
bo said to have begun m the eighties, tins antagomam between the 
engineer and the geologist has gradually disappeared The geologist 
has made hia results of more value by adopting some of the methods 
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'of the engineer, while the engineei no longer hesitates to use geology 
in his own field Both professions have been, improved by this mu- 
tual help, and the geologist has by no means gamed the least The 
modern numng engineer now lecognizes that, oven in his own special 
field, scientific inves Ligations aie essential Tins is emdcnced by the 
general heaity suppoiL given by engmceis to the new Fedei al Bureau 
of Minos 

It IS not necessary to describe in detail the recent progress in apphed 
gcologj^ While most ot the countries of tlie world have taken part, 
it is a field that the Amcncan geologist has ma<lo pocuhaily Ins own. 
Among oui imp<ntant ccmtiibiitions ni this field is the geology of 
nimeial ods, picsented by Mr Campbell to this society last year. 
In this, as in the siuvcy of coal deposits, sti atigi aphic and stvuctnial 
geology have almost come to he exact sciences Equally mipoitant to 
to the Nation are the results achieved in undeigiound watei investi- 
gations The tectonics of mmeral vems now also ap]! roaches an 
exact science, while many of the conclusions on the genesis of ore 
bodies, notably that ol secondary eniichment, aie among the tn- 
umjihs of applied geology 

Moieover, the field is hemg extended. In Germany the work of the 
geologist is regal ded almost, as essential to railway or canal location 
as that of the engmeer — a lesson we have oidy recently learned at 
Panama The mvestigations of sods is now a distmct science, based 
laigely on ap^ibed geology Questions of piibhc health, such as purity 
of water and sanitation problems, also m pait fall m tho domam of the 
geologist. 

A sigmficant phase of the new epoch in applied geology is its con- 
tributions to political economy A striking exanqiie of this is the 
geologic suivey of Korea, executed by the Japanese dining their 
war with Russia It need hardly be said that this was not made for 
tho purpose of advimcing geologic Imowledge, but solely to garni a 
scientific valuation of the land which was costmg so much blood and 
treasure. Though the present status of the science does not permit 
of a quantitative determination of resources which is more than ap- 
proximate, yet the fact that geologists are being called upon by politi- 
cal economists for assistance mdicates how fundamentally the science 
affects the welfare of the Nation. 

This historical survey of applied geology, in which special emphasis 
has been laid on its progress in this country, seems to pomt to sev- 
eral conclusions First, that much of the modern science of geology 
originated m the field of applied science It was the strivmg of man- 
kind to solve problems of material welfare that gavo the first impulse 
to geologic thought Second, that, as a rule, the science has made 
most lapid stiides at those times when its study wa^, inspired bv a 
desire to achieve some practical end Wlioncver gc lOogy lies bocomo 
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entoely diYorced from industry it has di'ifted toward pure specula- 
tion The geologists of the past, like those of the present, received 
much of then' inspiration from the fact that they woie adding to the 
materia] wolfaio of inanland Werner, Humboldt, Von Biich, De la 
Beche weie not only trauied as imnmg engineeis, but continued for 
most of then' careers to be intimately connected with the rnimng 
industry Dcsmarest devoted most of his life to piomotmg the iiidua- 
trial advancement of France, William Simth was an engmoor before 
he was a geologist, and even Hutton know from personal experience 
the value of applying the sciences of agricultiue and chemistiy On 
tbia contmeut McClure, Eaton, Rodgers, Owen, Leslie, Logan, Whitney, 
Orton, Cook, Dawson, andlung, witha host of others, wore all identified 
with the uidustnal application of then' science The elder Sillinian, 
m an account of lus own titunmg m geology, said, “I learned m the 
mining districts how and what to observe ” The yoais that Dana 
spent on explorations may be counted in the held of applied geology 
James Hall, for two generations tho loader m Ameiican geology and 
the founder of that organization which for thioe-quarteis of a cen- 
tury has preserved the liighest scientific ideals, gained his early 
inspiration in studying practical problems An enumeiation of the 
leadmg geologists of tho present geneiation will, I think, show that 
the larger part have given much attention to the material apphcation 
of geology. 

The recent economic trend of geology is only a counterpart of 
similar tendencies in most fields of scientific research. The intro- 
duction of science into piactical affairs is a feature of the present 
age It has come about not only because as the sciences progressed 
then- results were more du’ectly apphcable to matoiial problems, but 
more specially because of tho gradually changing conditions through- 
out the world. With a sparse population and abundance of natural 
resources the need of apphed science is never so evident as when 
the lands become crowded and the mole readily accessible resources 
depleted The people of a vii'gin land need pay small heed to ex- 
haustion of soil or destruction of forests, and can cany on shallow 
rnimng operations with httle recourse to science oi technology. It 
is only when increasing population results m a demand for a greater 
food supply and makes sanitation important, when the depletion of 
timber becomes a factor m cost of structures, and the superficial 
deposits can no longer yield sufiicient minerals, that the need of 
scientific Icnowledge becomes strongly emphasized This stage has 
been reached in most of tho civihzod countries of the world to a 
greater or less extent, and the evils of relative overpopulation and 
depletion of nature’s wealth are resulting in an appeal to applied 
science China stands alone among the great nations of the world 
in not utilizing scientific thought to better tho conditions of her 
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people. The present turmoil in China can probably be interpreted, 
m the last anatysis, as a protest against the affairs of state being 
guided by the classicist rather than by the scientist 
l^^nle we may criticize Clnna foi not accepting the dictum of 
science, we have only recently departed from a similar attitude, 
though our abundant lesources have made our own faults less con- 
spicuous In tins respect the present generation has made greater 
strides than all that preceded We are now applying science to the 
affairs of the Nation as never before The old-fashioned pubhcist, 
with his classical education or, at least, traditions, is being shouldered 
out of the way by the man who analyzes the problems of pubhc wel- 
fare on scientific prmciplcs The trained investigator is being more 
and moie appealed to m the affairs of the Nation In tins we are 
following Germany, whose long leaderslnp in pure science has now 
been overshadowed by her leaderahip in apphed science. We hav(' 
begun to reahze that it is one thmg to win prospeiity and happiness 
out of the bounty of a new land, another to gam it by utdizmg re- 
sources which can only be made available by scientific genius 

Mr Gilbert has said that “pine science is fundamentally the 
creature and servant of the material needs of mankind ” Yet it is 
not uncommon to find the devotee of pure science assuming that hi^ 
field IS on a higher plane than that of those stud3ang problems which 
involve the material welfare of the human race. This seems speciaUv 
true 111 the field of geology If a bacteriologist finds a new toxin foi 
a disease germ, a botanist a new food plant, a sanitary engineer a 
measure for preservmg human life, aU mute in commending his work 
Yet there are not a few geologists, though I believe a constantly de- 
creasmg number, who seem to view with suspicion any attempt to 
make the science of geology more useful Those who are devotmg 
themselves to economic geology aie charged with commercializing 
the science, as if the applying of its principles to better the conditions 
of the people were not the highest use to which scientific research 
could be put. One reason for this attitude is because much which 
has been masquerading ns apphed geology is not science at all. The 
commercial exploitation of natural resources under the cloak of geolog^' 
18 not to be confounded with geologic research that has for its aims 
the application of scientific principles to the needs of man 
The geologist who is studying the resources of the pubhc domain 
to the end that a sound pohey may be adopted for then utilization 
or he who is gaging the exhaustion of our mineral wealth by studying 
statistics of production, is domg hia share of scientific work no lea- 
than he who is engaged in the more pleasing task of evolvmg new 
geologic principles. The masters of the science have not hesitated to 
turn their attention to economic problems Clarence King deserves 
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no less crcdi-L foi Ins aid in opening up tlie West by economic investiga- 
tions lhan fui lus contiibiitions to laiowlodge on tbe age of tbe eartli 
We tlimk of Mdj Poivell as one of the founders of pliysiogiapluc 
geologv, but his luemoiy M'lU live rather for employing science to 
make available the latent fertditv of the and regions of the West 
Simdy no one will charge King oi Powell nsth ooinmeicialiKing then- 
science 

As I see it, there lies no dangei in the piesent ti-end toward applied 
geology, provided om- appbed geology rests on a broad basis of 
scientific leseaich If the spring oi pure science is cut off, the stream 
of appbed geology must soon luii (by Thcie is no held of pure 
geology which will notjucld lesulls applicable to cpifstions ol mateiial 
welfare On the other hand, auv given mvestigaiion in applied 
geology may lead to problems ol paleontology, poirogiaph}', geo- 
physics, or othoi blanches of pmo science In ^ imv of tlu' 2>iP!=^nig 
demand foi results, wo are justified m giving piecedenco to those 
fields of investigation winch piomise the earliest returns of material 
value There is, however, giave danger that, earned away by the 
jnesent furoi foi jnactical results, we may lose sight oi oiu scientific 
ideals Appbed geology can only mamtam its present liigli position 
of usefulness by contmiimg the I'escaiches which advance the knowl- 
edge of basic principles Futuie jn ogress in applied geology depends 
on progress in pure geology 
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AlthougJi ihore is vague mcutiou of fossil jilants in literature as 
early as tlie tliirteeiitli centuiy, and unscientific adumbrations in 
the faintly groiving twilight of the succeedmg centuiios, the real 
science of paleobotany did not have its begiiuimg until well on in 
the nmetoenth ccntuiy With the publication, in 1828, of Brongni- 
art’s “Histoirc desvdgetaux fossiles” and the “Piodroine,” there was 
given to paleobotany “that powciful impetus which found its imme- 
diate lecogmtion and called into its service a laige corps of colaborers 
with Bronginait, rapidly multiplying its literature and uicieasing the 
amount of material for its further study” (\Vard) In the succeeding 
decades, oven to the close of the century, the Students of paleobotany 
were mainly occupied in accumulating data as regards distribution, 
both areal and vciLical, and the opening decades of the present cen- 
tury find the subject a locognized, respected, coequal part of the 
general hold of jialconiology 

Paleoliotany, togethoi with all tlic oilier hr, niches of paleontology, 
admits of subdivision into two Imcs oi fields of study — the biological 
and the geological — depoiuhng upon the piommenco given to the one 
or the other of these phases of the subject The biological study is, 
of course, concerned especially with the evolution of the vegetable 
kmgdoni, that is, with the tracuig of the luies of descent tlirough 
which the hvnig flora has been developed As this side of the ques- 
tion wdl he taken up by other contiibutors to this discussion, it may 
be dismissed from fuither consideration, as the geological aspect ls 
almost exclusively the phase ol the subject to winch the present 
paper ^s devoted 

In the first place it will be necessary to call attention to the fact 
that the successful use of fossds of any land as stratigraphic marlts 
is — or at least may be — entirely mdependent of their correct bio- 
logical interpretation To most botanists, and mdeed to some palco- 
hotanists, this statement will doubtless come as a surprise, since 
they have come to imagine that the impressions of plants, the form 
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in. which they arc most made use of m this connection, are so indefi- 
nite, iudistmct, and unrehable that they can not be allocated bio- 
logically with even reasonable certamty, and hence are of little or 
no value As a matter ol fact hardly anything could be further 
fi’Oin the truth, and it can bo confidently stated that it makes not 
the slightest difierence to the stratigraphic geologist whether the 
fossils upon which he most lehcs are named at all, so long as the hori- 
zon whence they come is known and i/hey are cleaily defined and 
capable of recognition undei any and all conditions They might 
almost as well he xefcrred to by number as by name, so long as they 
fill the requnements above demanded, though of course every strati- 
gi’aphic paleontologist seelis to mterpret to the very best of his 
knowledge the fossds he studies He may — doubtless often does — 
make mistakes m his attempts to understand them, but Ins errors 
are undoubtedly fewer than he is not infi cquently charged with 
Hib faculty of observation is rendered acute from the close study of 
the restricted and often fragmentary material available, and he has 
learned to see and make use of characters which are often overlooked 
or wholly neglected by the botamst The latter, even when be has 
before him the complete livmg plant, mcludmg loot, stem, and fohar 
and reproductive organs, sometimes cxtieriences difficulty iu cor- 
I'ectly placmg his subject, and, to judge from some recent work, 
thei’e are paleohotamsts who study only the uitemal structure of 
fossil plants and yet are beset with extreme difficulty m mterpretmg 
their biological sigmficance 

It may then be taken as settled that the needs of the stratigraphic 
geologist ivill be mot if he is supphed vnth a series of marks or tokens 
by which he may unfafirngly identify the vanous geological horizons 
with which he deals, while to the historical geologist who makes use 
of fossils in unravolnig the succession of geological events the conect 
biological identification is of the greatest importance, for upon this 
rests his mterpi station of the succession of faunas and floras that 
have inhabited the globe. As the late Dr C. A White has said, 
"If fossils were to he treated onlj’- as mere tokens of the respective 
formations in which they aie found, then biological classification 
would be a matter of httle consequence, but their broad signification 
in historical geology, as well as in systematic biology, renders it 
necessary that they be classified as nearly as possible m the manner 
that hving ammals and plants are classified ” 

While it is in no way desired to overlook or underestimate the 
biologic value of such fossil plants as have fortunately retained their 
internal structure in condition for successful study, it is probably 
safe to say that their value to geology as compared with the imiires- 
.,sions of plants is as 1 to 1,000, and had we only the former there 
never could have been developed the science of stratigraphic paleo- 
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botany. For example, the coUeotions of the United States National 
Museum embrace over 100,000 specimens of the impressions of 
Paleozoic plants, whereas of those showing internal structure theie 
is hardly a half dozen unit trays full. In tho Mesozoic and Cenozoic 
collections belonging to the same institution there are thousands 
upon thousands of specimens from hundreds of localities and hoiizons, 
while of those retaming then internal structuie there are so few that 
they can almost be numbered in tens 

There is another and an excellent practical reason why the impres- 
sions of plants aie, and will always lemaiu, of more value to geology 
than those exhibitmg mtcrnal structure, no matter how well this 
structure may be pieseived As soon as a plant impression is ex- 
humed it is instantly ready for study and may bo interrogated at 
once as to the sti atigrapbic story it has to tell, whoiens the plant 
with the structure pieserved usually shows httle or nothing on. a 
superficial exammation, and requhes laborious, expensive prepara- 
tion before it can be identified. For example — to mtiko a pcisonal 
apphcation — ^for the past five yeara I have annually studied and 
reported on from 600 to 700 collections, each of which embraced from 
one to hundreds of individiials, and with them, have helped tho geolo- 
gists to fix perhaps 50 horizons in a dozen States If it had been 
necessary to cut sections of these specimens before the geologist 
could have had his answer, it is safe to say that very httle would 
have been accomplished 

AU fossil plants must be interpietod by and thi’oiigh tho hving 
flora In the more recent geological honzons the plants aie naturally 
found to be most closely related to those now iimng, but as we proceed 
backward m time the resemblances grow less and less, and finally we 
find ourselves in the presence of floras a large percentage of which 
are without known or clearly recognized living repiesentatives. In 
describing those and making them available for stratigraphic use it 
has been necessary to give them generic and specific names, afta' 
the analogy of the hving floras, so that wo may have convement 
handles by which to use them. Many of these are confessedly what 
may be called genera of convenience, such, for example, bemg many 
of the genera of the so-called “ferns'' of tho Paleozoic. Some — but 
especially botanists — unfamiliar with the geological use of fossil 
plants have argued that it is unsafe, or even actually unwrise, to 
venture to give names, not only to those without living representa- 
tives, but even to those obviously belonging to hvmg groups. A 
reply to this objection seems unnecessary in view of what has been 
said. 

The practical application of fossil plants as an aid to geology may 
bo bnefly mentioned There have been described from — ^let us say — 
North America, upwards of 5,000 species, of which number some 
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1,200 are confined to the Paleozoic, perhaps 2,000 to the Jilesozoic, 
and 1,500 to the Cenozoic Durinj^ the 60 or 70 years that this 
information has been acoumiilatmg it has developed that certain 
species or other gionps enjoy a consideiable time range, and theieforo 
aio of little value m answermg dose questions of age, while others 
are of such limited vcitical distribution that their presence may nidi- 
catc instantly a doimite horizon Thus, if he find m association 
impressions that wo have named Sequoia NordensXioldi, Thuya mter- 
rupta, Populus cuneata, etc , it is Imowii mstantly that we are deahng 
with the lower Eocene Fort Union foiniation, smee not one of these 
species, together with seveial hundred others, has ever been found 
outside this horizon Linumerable other conciete examples could 
of course be given, though haidly necessaiy, yet it may he mstructivo 
to note that withm a smgle geographic piovmcc — the Roefiy Moiin- 
tam region — the several plant-bearing foriuations present aie charac- 
terized ns follows The Kootenai by 120 species, the Colorado by 
perhaps 60 species, the Dakota by 460 species, the Montana by 150 
species, the Laramie by 140 species, the Arapahoe by 30 species, the 
Denver by moie than 140 species, the Fort Union by fiom 500 to 700 
species, etc This shows that, as Prof J. W. Judd once said, “We 
still regard fossils as the ‘medals of creation,’ and certam tyjies of 
hie we take to bo as truly characteiistic of definite periods as the coma 
which bear the image and supoiscription of a Roman emperor or of 
a Saxon kmg." 

Just a word may be said on the economic application of strati- 
graphic paleontology. It is perhaps safe to say that never m the 
history of American geology has there been so close an mtcrrolation 
and dependence of geology on paleontology as at present, and of this 
confidence paleobotany may justly claim its full share. Thus, of the 
even dozen of paleontologists m the employ of the United States 
Geological Siiivey and covermg all branches of the subj'ect, four ai’e 
paleobotamsts. 

Among the many .subsidiaij’- problems connected with the applica- 
tion of paleobotany to geology, the use of fossil plants as mdices of 
past climate occupies a most unpoitant place As the majority of 
plants are attached to the substratum and hence are unable to mi- 
grate Idle most animals when the temperature of their habitat becomes 
unfavorable, they must either give way or adapt themselves gradu- 
ally to the changed conditions of them environment. Therefore, 
fossil plants have always been accorded first place as indices of past 
climates. “They are,” as Dr. Asa Gray has said, “the thermom- 
eters of the ages, by which climatic extremes and chmato m general 
through long periods are best measured.” 

To those who have not given especial consideration to the subject, 
the idea appears to obtain that glimatip variations, such as nov 
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exist, aie normal or essential, and that they were present without 
marked differences durmg all geological ages It is now estabhshed, 
however, that this conclusion is entuely without geological or paleo- 
botanical warrant, and that the most pronounced climatic differen- 
tiation the world has known extends onl}’- fiom the Pliocene to the 
present As a ma1,tcr of fact we of to-day are livmg in the glacial 
epoch in what possibly is only an mtoi glacial period, and we know 
that the time which has elapsed since the close of the last ice mvasion 
has been of less diuation than was one, and possibly two, of the 
Pleistocene interglacial pciiods We also Imow that the climate was 
milder during these in tei glacial mtervals than has obtamed smee the 
finalietreatof the ice, as shown by the fact that m eastern North America 
certaui species of plants then reached a point some 150 miles farther 
north m the Don Valley than they have smee been able to attam 
The development of strongly marked clmiatic zones, at least between 
the polar circles, is, then, “exceptional and abnormal, and we have 
no evidence that m any other post-Silurian period, with the possible 
exception of the Permo -Carboniferous period, has the climatic dis- 
tribution and segregation of life been so highly drft’erentiated and 
compheated as in post-Tertiary times ” ^ 

The regular and normal conditions which have existed for vastly 
the greater part of geologic time have been marked by relative 
uniformity, mildness, and comparative equability of climate. This 
IS abundantly shown by the almost world-wide distribution and 
remarkable uniformity of the older floras Wlien, for mstance, we 
find the middle Jurassic flora extendmg m practical imifoimity from 
Kmg Karls Land, 82° N , to Louis Philippe Land, 63° S , we have 
conditions which not only bespeak a practically contmnous land 
bridge, but exceptionally ujiiform chmatic conditions. To hayc 
made this possible there could have been neither frigid polar regions 
nor a torrid equatorial belt, such as now exist. The absence of 
growth rings m the stems of these plants, as well as the presence of such 
wai’mth-loving forms as cycads and tree ferns, point to the absence 
of seasons and the presence of mild and equable climatic conditions 
Another example of similar import is afforded by the early Penn- 
sylvanian flora, that is, the flora of the lower part of the Upper 
Carboniferous Wherever terrigerous beds of this age have been 
discovered, representatives of this pecuhar flora, which mcludes such 
common genera as Lepidodendron, Sigillana, S'phewphyllum,, etc., 
have been found, this distribution rangmg from South Africa to 
Brazil and Argentina, and thence over the northern hemisphere. 

Similarly, the Mississippian flora (Lower Carboniferous) has been 
found in Spitzbergcn, Greenland, and arctic Alaska, and thencq 

>Soe White and Knoulton, Solonce, n s ,vol 31, 1910, p 760, 
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soutli oYer Europe and America, and although somewhat older 
than the last, is distmctly related to that in Argentma 

On passing up in the geologic time scale we find that durmg late 
Mesozoic and eailyCenozoic time the present dominant types of vegeta- 
tion wore fiimly established. With what probability of success may 
these floras bo inteiTogated as to the climatic conditions under which 
they existed ? We find from a study of the present flora that certain 
types of vegetation, as well as certam plant associations, have definite 
climatic requhements. Thus, Artocarp'iis, or the bread fruit trees, 
are now confined to within 20° of the Tropics, showmg that they 
require the moist heat of the torrid regions. If, now, we find that 
Artocar-pus once throve in Greenland, 70° or more north, durmg Cre- 
taceous time, we feel justified ui assuming that its climatic require- 
ments were not very different from those of its livmg representatives 
And when we find that it was then m association, as it is to-day, 
with cycads, tree ferns, cinnamons, palms, and other distinctly 
tropical forms we aio confirmed m the opmion that at that tune 
Greenland must have enjoyed a tropical oi at least a subtropical 
chmate 

Another example is afforded by the Fort Union formation In 
the rocks of this horizon, which now occur on the wind-swept, almost 
treeless plains of the Dakotas, Wyoming, and Montana and thence 
northward to the valley of the Mackenzie, are found remains of 
8egu<naf Ta'tQd%um,, Thuya, Ulmus, Popidus, Vitis, Platanus, Sapin- 
das, V%bumum,, Gorylus, Juglans, Hicona, etc. From this array we 
feel j'ustified in assummg a cool to mild temperate climate for this 
early Eocene floia, and further, from the presence of numerous, often 
thick, bods of lignite, that there was a much higher precipitation than 
at present. 

A layei of fan-palm leaves a foot m thickness in a formation m 
northern Washington mdicates climatic requmements in which the 
minimum temperature did not fall much if any below 42° F The 
presence of numerous West Indian tjqies m the Pliocene lake beds of 
Florissant, Colo , would alone point to almost tropical conditions, but 
as these are associated with otheis of more northern affinities, it 
seems safe to predicate at least a waim temperate oi possibly sub- 
tropical climate. 



GEOPHYSICAL RESEARCH ‘ 


By Arihur L Day 


To wite the lustory of the earth is a vciy different undertaking 
from wu’itmg the history of a people In the latter case, a diligent 
seekei can usually find some ancient monastery where laraighted 
historians of an eaiher generation have collected the more important 
records which he requires, and placed them withm reach of his hand. 
With the earth’s history, which is the provuice of geology, it is an- 
other matter The great globe has been millions of years in the 
malang, and except for a mere fragment of its most recent history, 
it has had neither a historian nor an observer. Its formation has 
not only extended over an almost incomprehensible mterval of tune, 
but we have no pai-allel m our limited experience to help us to under- 
stand its complicated development, and no system of classification 
adequate to the task even of groupmg m an orderly way all the ob- 
served rock and mmeral formations with reference to the forces 
which molded them And even if we could coivectly interpret all 
the visible rock records we ai-e still quite helpless to comprehend all 
those earlier activities of the formation period, whose record is now 
obliterated 

To the student of the earth’s liistoiy, therefore, the problem of 
gatheimg and ordermg such a widely scattered and heterogeneous 
collection of effects and causes is one of somewhat overwhehning 
scope and complication In the mdustrial world a situation of this 
kind soon results in replacing mdi\ddual effort with collective effort 
in the organization of a system of a scope more appropriate to the 
magnitude of the task We are fanuliar with mdustrial organiza- 
tion and the wonderful progress m the development of Amencan 
industries which has everywhere followed it. We are also familiax' 
with organized geological surveys and the success which has attended 
them in geological and topographical classification. But the idea of 
organizmg research to meet a scientific situation of extraordinaiy 
scope and complexity is still comparatively new The very words 
“science” and “research” are still regarded as referring to something 
out of the ordmary, something to be withheld from the common gaz6, 

1 Ptesldentlal addiess dellverod at the 700tli meeting of the Philosophical Soolety of WesUingtoHi Novetn* 
her 25, IMl Bcprtntoa by permission from Journal of the Washington Academy of Sciences, vol 1, No.P, 
'nedemhor4, I'll!, pp 247-260. 
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to be kept hidden in a special niche behind a mysterious curtain and 
served by priests of pecuhar temperament and unpractical ideals. 
This 13 both disparagmg to our good sense and preiudicial to the 
progress of loiowledge. Scientific research is not a luxury, it is a 
fundamental necessity It is not a European fad, but is the very 
essence of the tremendous technologic and industrial success of the 
last 20 years, in which we have shai-ed 

Prof. E. L, Nichols, of Cornell, as retumig president of the American 
Association for the Advancement of Science, put the case in this 
way: “The mam product of science (research) * a * jg knowl- 
edge. Among its by-products are the technologic arts, including 
invention, engmeermg in all its blanches, and modern industry.” 
The idea of scientific research is thereioio not less tangible than 
industrial development, or less practical, it is merely one step more 
fundamental, it is concerned mth the discovery of prmciples and 
underlying relations rather than them application This Jaemg time, 
research should profit as much, or even more, from eflicient organi- 
zation as industrial development has done. 

Although this conclusion is making its way but slowly in American 
science, in geological lesearch, where material must be gathered 
from the utmost ends of the earth and oven from within it, and 
where nearly every known branch of scientific activity finds some 
application, there is a pecuharly favorable opportunity for organized 
effort which is aheady coming to bo recognized, ‘ 'So long as geology 
remamecl a descriptive science,” says President Van Phse, of Wis- ’ 
consin, “it had little need of chemistry and physics; but the time 
has now come when geologists are not satisfied with mere descrip- 
tion. They desire to interpret the phenomena they see in refer- 
ence to their causes — in other words, under the prmciples of physics 
and chemistry. ■<■•>=>= This involves cooperation between phys- 
icists, chemists, and geologists ” 

In a general way, physics, chemistry, and biolog^^ have already 
supplied woiking hypotheses which have been used by students of 
geology to help in the exannnation, classification, and mapping of 
the most conspicuous features of the expo.scd portion of the earth. 
The geologist has gone abroad and has studied the distribution of 
land and water, the mountain ranges, the erosive action of ice and 
of surface water and the resulting sedimentary deposits, the distri- 
bution of volcanic activity and of its products the igneous roclrs; 
or, more in detail, he has stuched the appeai’auco of fossils in certain 
strata, and has inferred the sequence of geologic time. The distri- 
bution of particular mmorals and of ore deposits has been cai-efully 
mapped. Regions which offer evidence of extraordinaiy upheaval 
thi’ough the exercise of physical forces have been pamstalangly 
examined, and so on thiough the great range of geologic activity. 
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In a word; the field has been given a thorough general examination, 
but the mamfold problems which this examination has developed, 
although early recognized, and often the subject of plulosophical 
speculation and discussion, still await an opportunity for quanti- 
tative study They are often problems for the laboiatory and not 
for the field, problems for exact measurement lathcr than for infer- 
ence, problems for the physicist and chemist rather than for the 
geologist This IS not a lesult of oversight; it is a stage in the 
development of the science — fii’st the location and classification of 
the material, then the laboratory study of why and how much 

Ceitain indications have led us to believe, for example, that the 
earth was once completely gaseous and in appearance much lilce 
our sun. Indeed, it possibly formed a pait of the sun, but through 
some instability in the system became spht off— a great gaseous 
ball which has cooled to its present condition The coolmg probably 
went on rapidly at fii’st until a protecting ciust formed about the 
ball, then moic and more slowly, until now, when our loss of heat 
by radiation into space is more than compensated by heat received 
from the sun Obviously, the cailiest poitions of this histoiy are 
and must remam dependent upon inference, but the formation of a 
sohd crust can not advance far before portions of it become fixed 
in a form such that fuither disturbance does not clesti’oy their 
identity From this point on, the history of the earth is a matter 
of record and can be interpreted if only we have sufficient knowledge 
of the mineral relations through all the stages of their development. 

It must have been a vciy turbulent sea, the molten surface of 
our eai'th upon which the locky ciust began to form The first 
patches of crust were probably shattered over and over again by 
escaping gases and violent explosions of which our waning volcamc 
activity IS but a feeble echo. If the earth was first gaseous, and the 
outer surface gradually condensed to a hquid, its outer portions at 
least must have been whirled and tumbled about sufficiently, even 
in a few thousand yearn— which is a very small interval in the forma- 
tion of an earth — to mix its various ingredients pretty thoroughly. 
It has accordingly been bal’d to see just how it came to separate mto 
mdividual rocks of such widely chffereiit appearance and character. 
Of course the number of its ingredients was large We have already 
discovered 80 or moie diffeient elementai-y substances in the earth, 
and there is an almost endless number of more or less stable com- 
pounds of these. The freezing of an earth is therefore different from 
the freezing of pure water, but the freezing of salt water offers a clue 
to the explanation of the way in which the earth solidified as we find 
it. When salt water freezes, the salt is practically aU left behind. 
The ice contams much less salt and the remainmg water relatively 
rnoro salt than before freezmg began. Applymg this familiar ofiser- 
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vation to the supposed molten surface of the earth as it begms to 
solidify, we have a suggestion of order and system m its separation 
into so many hmds of locks 

Now, it happens that in the recent <levelopment of chemistry much 
attention has been given to the study of solutions of various kmds, 
and a great body of information has been gathered and classified of 
which our observation upon the freezmg of salt water is a simple 
tyjie. Still more recently, quite lately m fact, it has occurred to 
many students of the earth tliat here lies not only the cine but per*- 
haps the key to then’ great inoblem If the individual components 
which are mtiraately mixed in solution separate wholly or partially 
in some regulai way upon freezmg — and nearly all the solutions 
which have been studied appeal to show such segregation—we have 
a quantitative system which will probably pi'ove adequate to solve 
the problem of rock formation, provided only that the expeiimental 
difificiilties attendmg the study of molten rock and the complications 
imposed by the presence of so many component mmerals, do not 
prove prohibitive This is a very simple statement of the pomt of 
View which bus led to the expenmentul study of rock formation in 
tlie laboratory as a natural sequence to statistical study in the field. 

Geophysics therefore does not come as a new science, nor as ^ 
restricted subdivision of geology, like physiogiaphy or stratigraphy, 
hut lather to mtroduce mto the study of the earth an element of 
exactness, of quantitative relation It may include physics or chem-' 
istry, biology oi ciystallography, or physical chemistry, or aU of these 
at need. The distmctive feature of geophysics is not its scope, which 
may well be left to the future, but its quantitative character The 
Geophysical Laboratory of the Carnegie Institution of Washington has 
entered upon some of the mvestigations suggested by tins long pre- 
liminary study of the earth — the physical propeities and conditions 
of foimatioa of the rocks and muieials The Department of Terres- 
trial Magnetism of the same institution has undertaken another — 
the earth’s magnetism; the German geophysical laboratory at Gpt- 
tmgen a thu'd — the earthquakes — and these will no doubt be followed 
by otheis 

The first effect of calhng exact science into consultation upon 
goologio problems is to introduce a somewhat different viewpoint 
It has been our habit to study the mmerals and the rocks as wa 
find them to-day, after many of the causes which have had a share 
in their evolution have ceased to he active, after the fire has gone out 
If we attempt to leconstruct in our minds the operations which enter' 
into the foimation of an igneous lock or of a body of ore, we must 
infer them from present appearances and environment The experi- 
mental geophysicist, on the other hand, confronting the same problem, 
saju to himself: Can we not constnict a miniatui’e volcano in the 
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laboratory, can we not build a furnace in which an igneous lock can 
be formed under such conditions that we can observe its minutest 
change? He proposes to intioduco temperature-measuring devices 
and apparatus for the deteiinination of piessure, to mvestigate the 
character of the surrounding atmosphere and the quantity of water 
vapor which may be pi csent He insists upon the chemical purity of 
every mgredient which goes mto the furnace and guards it carefully 
against contamination In these various ways he will luideitake to 
ascertain the exact magnitude of all the causes, both physical and 
chemical, which have been at woik in his miniatiae rock producer, 
together with the physical cliaiacteiistics of the pioduct 

A very practical question now arises Can he do all' this suc- 
cessfully at the temperatures where the minerals foim^ We must 
press tliis question and insist upon a satisfactory answer, for it is 
by no means obvious that the relations which the physicist and 
chemist have established at the temperatiiies of eveiyday life — ■ 
energy content, density, solubility, viscosity, chssociation — ^whl 
contmue to hold when substances are carried np to a white heat 
The substances, too, are diflerent from those with which the chemist 
and physicist have been genei ally familiar Instead of simple metals, 
aqueous solutions, and readily soluble active salts, we encounter 
silicates and refractory oxides, mert in behavior and capable of 
existmg together m mixtures of great complexity We must there- 
foio extend the range of our physics and our chemistry to a scope in 
some degree commensurate ^vlth the wide lange of conditions which 
the earth m its develojiment has passed through Let us follow for 
a little the actual progress of such an attempt 

The first step is to provide the necessary temperatnies Obvi- 
ously, the common fiic-clay cmcible and the smelter's furnace with 
its brick hning will not serve us here, for all these are themselves 
min eral aggregates The charge, furnace lining, and cnicible would 
go down together in a fall as disastrous as Hiunpty Humpty’s But 
experiment has taught us that platmum cracibles, magnesia furnace 
tubes mclosmg an electrically heated helix of platmum wire, and elec- 
tric temperature-measurmg devices, provide a furnace in which neaily 
-all of the important minerals can be successfully studied, wbichishot 
enough to melt zme, silver, gold, copper, nickel, or iron readily, and 
where any temperature up to 1,600° C can be maintained perfectly 
constant, if need be, foi several weeks All these tempeiatures can be 
measured with no uncertainty greater than 5° This equipment pre- 
serves the chemical punty of the mineral studied, and enables the 
temperatiu’e to be controlled and measured at every step of the 
experimental work Or an iridium furnace tube and an indium 
cjrucible can be substituted for platmum, the magnesia supports can 
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stall be iisedj and we have it m our power to go on to 2,000° C , which 
is quite suilicient for all the more important mmerals which we know 

The physicist has therefoie found a suitable melting pot and means 
of ascertaining what goes on within the pot, but he at once encounteis 
another difTiculty, Nature has pronded us with relatively few mm- 
erals of high chemical purity If a natiu’al mineral is chosen for ex- 
periment, however typical it may be, several poi cent of othei min- 
erals may be expected to be present with it, the elleot of which is at 
present quite imlmown Now, the first axiom of the mvestigator m 
a new field who desires to undertake measurements which shall have 
a real value is that the number of unknown quantities in liia equa- 
tions miis'l not be greater than he can elumnate by his experimental 
processes; m other words, he must begm with conditions so simple 
that the relation between a particulai eft'ect and its cause can be 
absolutely estabhshed without Icamig undetcrmmed factors Hav- 
mg solved the simple case, it is a straightforward matter to utilize 
this infoiinatiou to help solve a more comphcated one. Therefore if 
We would reduce the.mmeral relations to an exact science, which is 
our obvious purpose, it is necessary fiom the outset to prepare mm- 
erals of the lughest punty and to estabhsh then propeities Havmg 
obtained such a pure nuncial tyjie, it may be, and often is, m the 
power of the mmeralogist and his microscope to determme, by direct 
comparison with its natural prototype, the Imid and amount of effect 
actually produced m the natural mmeral by the one or more other 
minerals which it contams We have therefoie hardly started upon 
our investigation before the need of an oiganized system is demon- 
strated’ First comes the chemist, who prepares and analyzes the pure 
mineral for investigation, then the physicist, who provides and meas- 
ures the conditions to which it is subjected; then the mmeralogist, 
who establishes its optical pi operties m relation to the corresponding 
natural mmerals 

Having prepared such a mmeral, of high puiity and of kn own 
crystalline character, we can asceitam its behavior at the tempera- 
tures which must have obtamed duiing the vaiious stages of earth 
formation. We can study the vaiious crystal forms through which 
it passes on heatmg and the temperature ranges withm which these 
forms are stable, we can also melt it and measure the meltmg or 
solidifying temperature Another mineral, prepared with the same 
care and studied in the same way, may afterwards be added to the “ 
first, and the i elation of these two determined If they combme, 
heat is absorbed or released, and this quantity of heat can he meas- 
ured, together with the exact temperature at which the absorption 
or release takes place. If the mixture results m the formation of' 
one or more mineral compounds, we shall learn the conditions of for- 
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mation, the temperature region within which the new forms aie stable, 
and the changes which each undeigoes Yuth changes of piessure and 
tempeiatuie, as before If the now forms show signs of mstabihty, 
we can drop them mto cold water or mercury so quickly that there 
mil be no oppoitumty to return to uutial stable foims, and thus 
obtam, foi study with tho microscope at our leisuie, eveiy individual 
phase of the process through winch the gioup of minerals has passed 

Without comphcatmg the lUustiation fuithcr, it is obvious that 
we have it m our powci to repioduce ni detail tho actual piocess of 
rock formation within the earth, and to substitute measurement 
where tho geologist has been obhgcd to use mfeience, to tabulate 
the whole histoiy of the formation oi a mmeial or gioup of minerals 
under every vaiiety of condition which we may suppose it to have 
passed through in the earth, provided only we can reproduce that 
condition m the laboiatory 

Duimg the past quarter of a century there has aiisen in the middle 
ground between physics and chemistry a new science of physical 
chemistiy, m the development of which genei ahzations of gi’eat 
value 111 the study of mmerals have been established As long ago 
as 1861 the distmguished German chemist, Bunsen, pointed out that 
the rocks must be considered to be solutions and must bo studied as 
such; hut, inasmuch as comparatively little was known about solu- 
tions m those days, and the roclcs at best appeai'ed to be very com- 
pheated ones, no active steps in that dn-ection weie taken durmg 
Bunsen’s life. But m i ecent years solutions have been widely studied, 
under rathei limited conditions of temperatuie and pressure, to be 
sure, but at has resulted in establishmg relations — lilce the phase mle — ■ 
of such effective and far-reaching character that now, just half a 
century afterwards, we are entermg with great vigor upon the prose- 
cution of Bunsen’s suggestion. It is now possible to estabhah definite 
limits of solubility of one mineral m another, and defimte conditions 
of equilibrium, oven in rather compheated groups of minerals, which 
enables us not only to interpret the relations developed by such a 
thermal study as that outhned above, but also to assure ourselves 
that only a delimtcly limited number of compounds of two mmerals 
can exist, that they must bear a constant and characteristic relation 
to each other under given conditions of temperature and pressure, 
"and that changes of temperature and pressure will affect this relation 
In a defimte and determinable way Physical chemistry not only 
takes onto account the chemical composition of mmeral compounds, 
hut their physical properties as well, throughout the entme tempera- 
ture, region in which they have a stable existence, and therefore fur- 
nishes us at once with the possibility of a new and adequately cona- 
prehensive classification of all the minerals and rocks in the earth 
Tho value of an adequate systera of classification appeals chiefly tp‘ 
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those whose duties bring them into intimate relations with the subject 
matter ot a science, but so much mav appropriately bo said that a 
consistent application of physical chemistry to the nunerals may 
operate in the not far distant futm-e to develop an entirely new con- 
ception of tho acienoo ol mmeralogy 
As the number and scope oi such exact measm’ements increase, 
we gradually build up what may be called a geologic thermometoi 
Just as the location of fossils offers a basis for estmiatmg geologic 
time, it often happens tliat a mineral takes on a vanety of different 
crystal habits, according as it happened to form at one temperature 
or another. Quartz, for example, which is one of the commonest of 
natural nunerals and one of the most famdiar, undeigoes two changes 
in its crystal form which leave an hieffaceable record One occurs 
at and tho other at 800°. An optical examination of even a 
minute quartz fragment from the mountamside will reveal to the 
slailful petrologist whether the crystal foimed at a temperatm’e 
below 575°, between 575° and 800°, or above 800°. And if we could 
have at onr disposal a groat body of such exact measurements of the 
temperature region witluu which particular crystals originate and 
remain stable, we could apply that duectly to terrestrial foimations 
in which this mineral occurs, and read thorem the temperature which 
must have obtamed durmg their formation. All this will not be 
done in the first year, and perhaps not in the first decade; but the 
ultimate effectiveness of this method of procedure m establishing 
tho relations between the minerals and the valuable ores is now as 
certain ot success as the opeiations of any of the sciences which have 
now come to be characterized as exact, as opposed to descriptive 
There is one important difference between tlie great laboratory of 
nature and its f coble human counterpart Nature operated with 
large masses, mixed with a generous hand, and there was always 
plenty of tune for the gi’owth of great mdindual crystals, at which 
we marvel whenever we encounter them, and which we have some- 
tunes come to legard highly as precious stones. To carry these 
processes into the laboi atory is necessarily fraught with certain limi- 
tations The quantities must remain small and the tune and avail- 
able financial resources will always be limited So long as we are 
able to ascertain the optical character of a crystal with equal exact- 
ness whether the crystal is of the size of the proverbial mustard seed 
or a walnut, the scientific laboratory can not properly afford the time 
necessary to produce the large crystals which nature offers so abun- 
dantly Furthermore, the crystals of nature often owe their brilliant 
colormg to slight admixtures of impurity, which, to the aoiep,tific 
laboratoiy, spell failuie and are avoided with the utmost care. Most 
of the mineral crystals, when reproduced in the laboratory, are quite 
colorless. And so, although the question is often raised whether we 
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are not really engaged m the artificial production of gems, and 
although the seductive character of such an investigation would -no 
doubt appeal to many, it must be admitted that the geological 
laboratory is not and probably will never become the senous com- 
petitoi of nature in those directions in which nature has produced 
her most brilliant effects 

In what has preceded I have laid emphasis upon the value of 
experimental measurements m the systematic development of a more 
exact science of the earth It is a fan* question, and one which is 
very often raised, whether all this investigation has a utilitarian side, 
whether the Icnowledge obtamed in this way and with such difficulty, 
will help to solve any of the problems arising m the exploitation of 
our mineral resources or assist in our mdustrial development It is 
neither wise nor expedient, m entermg upon a new field of research, 
to expatiate long upon its practical utility Its principles must first 
be established, after which there is no lack of ingenuity in finilmg 
profitable application of them 

The development of thermoelectric apparatus for the accurate 
measurement ot high temperatures was begun and has been per- 
fected m the mterest of geophysical research, and it has already found 
such extended appbcation among the technical industries as to 
demand the manufacture and cahbration of thousands of such high- 
temperatuie thermometers every year. The tempermg and im- 
pregnation of steel are no longer dependent upon the more or less 
trained eye of the workman, but are done at measured temperatures 
and under known conditions which guarantee the unifoimity of the 
product and admit of adaptation to particular purposes, like high- 
speed tools or armor plate. This has the mcidental but far-reachmg 
mdustnal consequence that workmen of great mdividual skffl in these 
industries are much less necessary now than formerly. Everything 
is accomplished by bringing temperature conditions under mechanietd 
control and makmg them absolutely reproducible without the exercise 
of critical judgment on the part of anyone 

A more mtimate Imowledge of the behavior of the minerals them- 
selves finds almost immediate mdustrial application. An industry 
which has gi’own to enormous proportions m recent years is the 
manufacture of Portland cement, about which little more has been 
known than that if certam natural minerals were taken in the proper 
proportions and heated m a peculiar furnace developed by experience, 
the resultmg product could be mixed with water to form an artificial 
atone which has found extensive application, m the buildmg trades. 
Chemical analysis readily established the fact that the chief ingre- 
dients in a successful Portland cement were lime, alumma, and sihea, 
with a small admixture, perhaps, of iron and magnesia; but the 
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relation m ■which these ingredientB stood one to another — that is, 
which of them were necessaiy and which merely incidental — and m 
what compounds and what proportions the necessaiy ingredients 
required to be present, has never been satisfactorily established. 
When we know the stable compounds which lime, alumina, and 
silica can combine to form, together with the conditions of equi- 
hbrium between these for different temperatures and percentages 
of each component, a formula can be wiitten offhand for a success- 
ful Portland cement fi'om given ingredients somewhat as an experi- 
enced cook might wnte out the recipe for a successful dish. Such 
definite and vahmble Imowledge is not beyond our reach. To 
obtain it rcquiies in fact precisely the same system of procedure 
which has been described above and which has aheady been suc- 
cessfully applied to many of the natural minerals which have been 
reproducecl and studied in the Geophysical Laboratory duiing the 
past five years It happens that wo have exammed a considerable 
number of these very mixtuies in our recent work upon the rocks. 
All the compounds of Imic, aihca, and aluimna have been estabhshed, 
and a portion of the ailica-magnesia series and their relations have 
been definitely detei mined throughout the entire range of accessible 
tempeiatuies. There is no reason to apprehend serious difficulty 
in applying the same procedure to the commercial ingredients of 
Portland cement and replacing the present rule-of-thumb methods 
and uncertain products with dependable cements. The problem 
of determmmg the relation of the ingredients m commercial cement 
and the conditions necessary for its successful formation is exactly 
the same in chaiacter as that of determining the conditions of for- 
mation of the rocks of the earth. 

’ A physico-chenucal investigation of the sulphide ores over a wide 
range of temperatures and piessnres has also been undertaken, 
which has developed a large body of exact information of value m 
mining industry. And such illustrations could be continued almost 
indefinitely if it would serve any useful purpose to do so 
The industrial world is not, as a rule, interested in scientific prm- 
ciples, the punciple must fii-st be narrowed down to the scope of 
the industrial requncment before its usefulness is apparent. The 
immediate effect of an mdustnal standpomt is therefore to restrict 
investigation at the risk of losmg sight of underlying principles 
enth'ely. An iUustralion of this has come down to ns through the 
pages of history, of a character to command and receive the utmost 
respect, for such another can hardly be expected to occur We have 
honored the early philosophers for then’ splendid search after broad 
knowledge, but m what is now the field of chemistry they allowed 
themselves to be turned aside to the pursuit of a single 
strictly utilitarian problem — the transmutation of base metals into 
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gold. The Mstory of chemistry is a history of this one problem 
from the fourth to the sixteenth century- — 12 ce-ntuiies before a 
man arose whose broader standpoint enabled him to divert the 
fruitless search into other channels fiom which a science has slowly 
arisen which is now so broad as to oveilap most ot the other sciences 
and withal so practical that haidly an industry is entnely independent 
of it. 

The so-called practical questions may therefore as well be left 
to take care of themselves. There has been no lack of ingenuity 
in making piofitable apphcation of systematic knowledge whenever 
the need foi it became msistent, for the rewaids of such effoit aie 
considerable And it is no longer an argument against proceeding 
to establish relationships in a new field, that the scope of their appli- 
cation can not be completely foreseen 

Now, what more promismg questions occur to one than these' 
If the earth was originally fluid, as it appears to have been, and 
has gradually cooled down to its present state, its component minerals 
must at some time have been much more thoroughly mixed than 
now; how did they come to separate in the process of coolmg into 
highly mdmdualized masses and groups as we now find them, and 
what were the steps in their deposition? If the whole earth was 
hot, whence came the marble of which we have so much and which 
can withstand no heat? What has given us the valuable deposits 
of iron, of gold, of piecious stones? Wbat deteimmes the vanous 
crystal forms found m the different mmerals, and what is them 
relation? Some must have foimed undei pressure, some without 
pressure, some with the help of water, and some wnthout Where 
IS the center, and what the source of cneigy in oui volcanoes* AU 
these questions and many moie the geophysicist may attempt to 
answen 




A TEIP TO MADAGASCAR, THE COHNTRY OF BERYLS ‘ 


By A Lacroix, 
Memhre de I'lnshlut de Fiance 


Madagascai , the land long full of mysteiy and of fabulous legends, 
has ever since it was opened up to the world been noted for its mineral 
liches 

The second Frenchman who landed on the island, Capt. Jean 
Fonteneau, called Alphonse le Samtongeois, declared that he found 
precious stones there in 1547 ^ One hundred years later, in 1658, 
Flacourt® speaks of topazes, aquamarines, emeralds, rubies, and 
sapphires, and shows on his map the places where one could find 
those marvelous masses of rock crystal, limpid as the purest water, 
which have ever since been sought after for ornamentation and for 
optical use * Up to the middle of the last century every travelfer 
who wrote about the “Grand He” did not fail to note the great 
abundance of gems there,® although many attempts at their practical 
utilization, made m the seventeenth and eighteenth centuries by 
the French East India Co , had lamentably faded. 

When the period of scientific exploration commenced, some fear- 
less pioneers, m the front rank of whom I would place our colleague, 
M Alfred Grandidier, quickly made known the prmcipal features, 
so peculiar, of its flora and fauna, but all that concerned its miner- 
alogy was hardly glanced at, for a reason that I wdl explain. In 
order to protect its mineral resources the Government of Madagascar 
had instituted a system as ingenious as it was efiicient One penalty 
only — and that was death — stopped all nimeral lesearch by for- 

I Lecture at the annual meeting of the Cinq Acaaemlee do I’lnetitut de JranoB {Oot 25, 1012) Translated 
hy permission from La Gdographle Bulletin of the Qeographloal Society of Paris, Not 15, 1912 

5 Voyages adyentuieux du capitame Jean-Alphouso le-Salntongeois, Paris, 1659 (reprinted In Coll oUvr. 
anc Madag by A and 0 Grandidior, vol l,pp 02-B6) 

» HIstolce do la Qrando Isle de Madagascar, Pans, 1668 

i This mineral was found in the livers of the eastern coast, to tho north of the Ba ’ 'f ' " — T ‘ 
fnthBiBgloriofVohemaT 1 have specliled (ConiptesBendua del’Acad dos Sole ‘ 

p, 491) the conditions under which this mineral abounds on the high plateaus ■ 
in place ate pockets o! crystals in the metamorphosed quartiltes. 

» Notably* (Du Bois) Les voyages falts par le sieur D B aux iies Danphlne ou Madagascar et Bourbon 
on Mascarenne, 4s annees 1669-70, 71et72j Parte, 1674, 161 souchu de Bennetott, Histolredcs Indcs oileu- 
tales, Leide, 1688, 173. De la iHBye et Caron, Journal du voyage dos Grandes Indes, Paris, 1688 

S71 
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eigners Since the French occupation of the island, the prospectois 
have taken then levcnge The map of the "Service des Mines,” 
on "which is recoided the sites for peimits for research, lesembles a 
swarm of ants 

Among the tieasiires that this icmaikable activity lias diawnfiom 
the Guith, piecious stones, along with gold, must bo placed as the 
pimcipal object of exploitation The ennjectuies of ancient voy- 
agers have been realiTiod, but I should say that the mmeial deposits 
now woiked aie not at all those which they believed they had dis- 
covered They knew only of those near the mouths of the iiveis of 
the eastern coast and m the neighboihood of Fort Dauphin, there 
where modem losearch has so fai brought to light only some qnaitz 
and pool garnets, unfit for any economic use ‘ The real deposits aie 
found elsewheie 

Official statistics show that m 1911 theie were oxpoited fiom Mada- 
gascar 470 Idlogiams of stones ready to be cut, it is a good omen for 
the future of so new an mdustry I was at its birth ^ I have followed 
its rapid strides whde there has been unearthed material of a scien- 
tific mteiost of the first order ^ Thus in the course of a recent mis- 
sion, to which I was attached, I undertook, among other subjects, to 
study on the spot all the mmeial occuirences that might yield the 
least gem I now propose to ontlme what I saw 


* It Is shown hy the following references that it was these minerals that those early explorers had seen 
la 1C68 Tranpols Martin (the founder of pondfehdry) says that the passengers of the Vieiffc da Bon Pori 
brought a iiuantity of topazes, amethysts, and other colored stones that they had found at Fort Dauphm 
"That has heon a fancy of the Frenoh who were In the Island, but they have not been appreolated fa Franca 
because they were fmmd too fragile " (Archives natlonales, MS ) 

In 1888, Do Faye, director of commerce of the East India Co , wrote "that the company has been very 
mneli undeceived on the subject of some precious stones of wbloh wonderful things bad been promised bbn 
and for which in India they had not gh en a sou per thousand [some topazes and umctliy sts Irom the Itapero 
Blver (Fort Dauphin)}. (Arch Min Colonies, Manuscripts ) 

This last story is confirmed by De la Haye (op cit , 91) "Director Colon, amvlng at Suiate, ofiered 
some to the governor of the city, who refused them, smiling at the gift, \v hioh, hower er, w as nine of the most 
beautiful atones that had yet been seen and the smallest as large as a quail's egg, and all cut in raiious 
slrnpcs They were shovn to several Jewelers, wlio were pressed to state tbcir uduc, and none estimated 
higher than 9 rupees for the most beautiful and 27 lor all the others ” 
t The first specimens received at the museum were a beautiful crystal of rubelUte, some small sapphires 
and zircons, given Id 1801 by A Giandidler (Jannettaz Bull Boo franj mlndr , vol 14, 1891, p 66) 
The first specimens reported In Franco with the precise hidicatlona of their localities were given to me by 
E Gautier, I described them in ISOO (Bull MusAim.p 318), a little later Mr VlUIaume sent me some tour, 
niallnes found by him to the w est of Mmmt Blty 

I believe that I was the first to ha\ e these precious stones ol Madagaseai out In a systematic fashion, fol- 
lowing the exposition made at the museum at the time of the expedition, there weie some ohrysoberyls, 
soma garnets, some corundums, and topazes, eto , from the alluvia of Belambo near Mevatanaua and 
brought back by M Suberbie I afterwards exhibited In the Gallery of Mineralogy a fine series of j ellow 
and brown touimalines that I had had cut with the aid of patterns from the region of Tsiiaisma, that 
Mr, Gamier-Mouton had sent me, who wa.s then chief of the Piovmcoof Betafo 

* I have described these materials In numerous notes and memoirs, particularly in my Mlndralogie de la 

Fraupe etde sea Colonies, vols 1-4, 1S03-19OO, in ■" i ‘ , , ir ^ 

pp 65-107, then In the Comptes Hendus del' Ac < p 

llindralogio from 1008 to 1012 Seealsothenotes of M Mouneyres and of M Dabren (showing some results 
of the mission Vflllerme) In the Bulletin del’AcadOmie malgaohe, vol 4, lOOfi, and m the Bulletin dcono- 
mlque de Madagascar, 1008, besides those of MM Dupare, Wunder and Sabot in the Bulletin delaSoeidtd 
franpalse de Mlndralogie, 1010-1911, in the Archives and the Memolres de la SoeiOW des Sciences phj’slques 
pt naturellos de Qbb6v e, 1910 
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It is necessary first of all to understand what we mean by a precious 
stone Mineralogists classif3^ minerals in the first place accordmg to 
them chemical composition, then they determine from the form of the 
crystals how to establish subdivisions of a second order, therefoie 
precious stones are, from eveiy pomt of view, chemical, a simple 
element, oxides, alummates, silicates, and many other combinations 
iUl the modalities that can form crystaUme sjmimetry are found 
represented there It is not then the cfuestion of a natural family 
but of an artificial gioupmg 

To be a iirecious stone a mineral must unite a number of quahfioa- 
tions. It must be transparent, of a fine watei; that is, very limpid. 
It should have a strong, clear coloi , hence, the doubtful tmts, the 
halftones dear to pamters, those which foim the charm of certain 
flowei-s and the adornment of many animals, are not m favor The 
mmeral should bo very brilliant, which depends upon two optical 
properties, dispemion and refraction, this last is dependent on den- 
sity, therefore precious stones are more or less heavy Finally, it 
must be haid, so as to take and hold a fine polish The more a stone 
mutes these qualities in a high degree, the more readily does it hold a 
high place in the realm of gems, a place which m addition to this is in- 
fluenced by its comparatively great larity 

To these intrinsic properties of the stone, we should, however, 
add something exterior to it that escapes the analysis of a min- 
eralogist, for it IS nothmg less than feminme fancy, changing with 
the fashion. Thus, thanks to the favor which artistic jewels now 
enjoy, these stones, so correctly called "fancy,” until lately so 
neglected, are each day more and more sought after Madagascar 
should not complam, for these are the stones that most of all adorn 
her jewel case. 

The defimtion which I am going to give may be exact; it is not, 
however, a general one There are, m fact, some mmeiala which are 
neither limpid, nor clear, nor dense, nor hard, and yet are con- 
sidered as precious stones Such is the opaque turquoise, which 
owes its popularity to its beautiful delicate blue color; such is the 
opal,^ which takes the charm of its beauty from the warm reflections 
that play about m its semitransparenoy. 

A mmeial which may constitute a gem, and sometimes of the 
highest value, is found not alone m its precious form At Madagascar 
even corundum forms transparent sapphires, the value of which is 
estimated by the carat of 200 miUigrams, and besides some enormous 

1 Tha opal Is also found in Madagascar, but It is not yet quarried, in tba pUonoUto trachyte, oomlug frofla 
the south of Raratslho, It uinstltutos very smaU veins, wbieb possess redeotioni, equal to those of the opal 
of Hungary and also some small veins 'wMch recall the fire opal, but with a tint more brmvn thait red 
I visited this deposit but collected only smaU fragments 

S5360°— SM 1912 25 ' 
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opaque crystals which, aie exported by the ton and utihzed only in 
the abiasive indiiatiy,’- 

On the other hand, the hst of gems is not definitely closed, for 
from time to time, following the d:^covery of a new deposit, the 
list IS me: cased by the name of a inineial untd then considered a 
mere pebble, because though possessing some of the qualities enumer- 
ated above, it has been lackmg in transparency or m a pleasing 
color Madagascai furnishes some examples of this One of the 
most common constituents of the rocks which form the granite 
mountams of all countiies—potash feldspai — has been found m a 
locality lost in the south (Itrongahy, about midway between Botroka 
and Benenitra) m ciystals of an adnin-able hmpidity, set off by a 
yellow color as warm as it was unusual and which gave it the appear- 
ance of golden beiyl.® Very near there, scattered through the sod, 
were found some fragments of a species of nimeral, the name of which 
has never been heard by any of you, the “koinerupnie.’' ® 

Instead of forming grayish and opaque rods, as m the smgle deposit 
in Greenland, where until recently it had only been found, it consti- 
tutes a tiansparent, sea-giecn stone shghtly recallmg certam aqua- 
marmes but with an mcomparably supeiior brilhancy 

Up to the present time no diamonds have been found in Madagas- 
car, but neaily all the other gems occiu there in great abundance. 

Many of the mmerals are seen in their original matrix, otheis are 
gathered m the alluvium resulting from the brealcmg up of their vein- 
stone in place, while still others are a part of the alluvium accumulated 
by the work of streams 

The Grand He is made up prmcipally of a basement of ancient 
rocks, eruptive and metomorphic, eiidmg abruptly on the eastern 
side in high cliffs which are separated fiom the Indian Ocean by a 
naiTow plain, low and sandy, whde towaid the west the island ter- 
minates m a way no less abrupt, serving as a buttress for some sedi- 
mentary formations which come to an end m the Mozambique Chan- 
nel. All the deposits of precious stones are located m the central 
ridge and particularly on the high plateaus that ciown the island. 

One of the principal attractions of a tiip to Madagascar is the con- 
trasts encountered at every step, contrasts due to nature, contrasts 

1 1 lave shown that thia corundum whioh abounds eastward trom tho meridian of Tananarive Is formed 
in mica schists fa conueotlon with (jramte (Comptes Rondus de I'Aoad dcs Sciences, vol l8i, 1912, 
p. 707.) There were enported in lOll, 150 tons, and this quantity nlll without doubt be doubled in 19J2 
r s Its hardness (6) Is loss than that of the beryl, likewise the density {2 56 to 2 60) and also Its refraction 
(nj-16263, 7!m“1.52f8, »p-l 5197) 

* Komoruplne is a magnesium aluminium silicate, Once cut, it la distinguished from the aquamarine 
as well as fi om tho green andaluslte of Braril by Its very great density (3.27) and especially by its refraction 
(%=“! 6743, m,a”l 6731, np-1 6613) (A. Lacroii, Comptes Rendus, vol jl66, 1912, p, 675 ) A varlaty 

named prismatlno has boon found in tlia granuUte of Saxe, but It Is formed only of lltUo grayish rods not 
transparent. 

The feldspar of llrongohy is accompanied by crystals of limpid dlopslda, spoolmens of which of a bottle- 
green color form a very pretty gem Some violet zircons and green apatite might also be out 
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due to men and to their industry The ascent from the eastern side 
to Tananarive is startling from this pomt of view. The canal from 
Pangalanes permits crossmg the coastal zone, marshy and warm. 
The ai duous ascent of moi e than 1,500 meters ^ of ] agged rocks, whence 
fall raging cascades in the midst of the humid luxuriance of a trojiical 
forest, leads to vast plateaus coveied by the gi'assy steppe which is 
prolonged, ban on, and diy until the moment when the high hills of 
Tananarive commence to caiwo themselves against the sky, coming 
nearer little by little, then appeaimg m the midst of veidant nee 
plantations with all the details of then red beauty 

The means of ti ansportation which peimitted me to reach my 
destmation were not loss varied The slovmess and the lack of 
comtortable navigation through the canal on the plam made us better 
appreciate the speed and elegance of the railroad — a bold undertaking, 
which m less than 13 hours climbed over the high rounds of the titanic 
trestle, leadmg to the neighboihood of Ocean by the side of the bat- 
tered plateau on winch, much farther still, the Malagasy capital stands. 
It was by automobile that the 172 kilometeis which separate Tanana- 
rive from Antsirabe, my first center of exploration, weie traversed 
and I descended from a vehicle of the latest model only to mount a 
“fiJanzane” (seat suspended between long poles) 

At the risk of being called an old retrogiade academician, I dis- 
tmctly state that between the automobile and the filanzane my 
sympathy for the geologist goes straight to the lattei 

The journey from the capital to Antsirabe was like the cup of 
Tantalus for me Over this load, still new, we i oiled along with dizzy 
speed, before my eyes, accustomed by a month of the bush to the 
monotony of the red earth which covers the greatest part of the 
island, the rocky walls recently torn up by dynamite appeared like 
Hashes of hghtning exposing to the sun their marvelous freshness. 
Upon the slope some broad surfaces of granite, refleotmg white or rose, 
were loosened, magnificent, with innumerable dark spots, basic mclu- 
sions, which I seek throughout the world that I may learn from them 
the secret of the genesis of the rocks which inclose them; then, as in 
a giant kaleidoscope, there succeeded some gneiss m many colored 
strata, revealmg the complexity of their nature, some veins of every 
variety. What more do I know ? 

Each turn of the wheel brings a new temptation. My hammer 
burns my hands. But alas! deaf to my prayers, the conductor of the 
infernal machine, bending over the steering wheel, slave to the hour, 
refuses the slightest stop and we keep rolling on. 

With the filanzane these distractions are unknown. Hieely 
perched on a little seat of cloth between two long bai’s resting on the 

> ThQ inilroad attains the height ol 1,620 meters betwceii the stations of Ambatolaona and ManJakaC- 
drlana 
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sioulders of four strong fellows, the traveler is master of his destmy 
The measured step of the portei s, the resulting rhythmic movement, 
hardly disturb(*d each mmute by tho interchange of the bushmen, are 
not ivithout chaim and induce i every 

In the plain, on a track well marked, the Malagasy loves to take a 
sinuous course, but just as soon as the land changes, he uses nothmg 
but the straight path. It happens aometmics that one is almost erect 
m the stirrups durmg steep descents, or the head is lower than the 
feet on steep ascents, The inexperienced suffei or makes sad reflections 
on certam proprieties, new to him, ot the shortest way from one 
pomt to another, but he soon reassures hunsoli as he learns the skill, 
the wonderful steadiness of his servants, and without fear tiusts ,to 
them, and leels himself cairied at a bound over all obstacles 

This mode of transpoitation is not slow, for it is possible to make 
70 kilometers m a day, though about 50 lalometeis is a good average, 
and can be mam tamed for several weeks with the same men on con- 
dition that some village be reached from time to tune, when the 
bushman may hnd fresh meat, a good night’s lodgmg, and rest 

The Malagasy porter is a big child, laughing, talkative, obhgmg, 
temperate, easily contented, and from whom one can gam a great deal, 
when he is tieated m an ecjuitable, kindly way, but with firmness. 

At the end of my four months of uninterrupted round m the bush, 
I was alarmed about them only once One mornmg, their humorous 
stoiies, related as usual at the time of departuie, weie longer than 
was customary The stories were told m an animated dialogue 
between two of the band, who rephed to each other m a tone growmg 
sharper and shai’per, and they became moie and more excited by 
the applause for some story well told, until the two chief actors 
caught each other by the hair ou some tiiflmg pietext I had to 
intervene to prevent a gonoial fight My cook, who was mterpreter, 
having stayed belimd, forced me to await his ariival to leain the leal 
cause of the conflict Tbe debate was m a way philosophical. The 
question was whethoi it is best to be economical each evonmg with 
one’s wages or if it be not bettei to spend thorn as most of these 
talkers had very certainly done the night befoie. 

It was in that equipage that I thoroughly explored the region of 
precious stones, which forms a great rectangle about 200 Mometars 
long from north to south and 60 or more wide fiom east to west.^ 

I The principal centera arc tc the northwest of Antsliobfi, the out"’'’-*'- , , , 

particular); to the west of .itntstrabC, the region situated to the was . , ‘ 

Betalb (Tongaleno, Antsongombato, Zamnlaza, eto ); to the south of ■ ■ , 

and its vlolulty, SaheuiTotry, to the east of Mount BIty, then more to the South on tho other side of the 
Manandona, a series 01 beds situated to the northwest and to the west of Ambosltra and then still farther 
south, the region of Ikalomavony (see vol. i of tlja “Mindralogle de la Branco et ses oolonies”) 
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The valley of the Sahatany Eiver southwest of Antsirab^, may be 
taken as an example I came upon it in going ovei Mount Bity, a 
long jagged ndge more than 2,000 metera high, foimed chiefly of 
white quai’tzites, someiiinos rising vertically, sometimes bedded in 
great slabs which are crumbled mto very fine sand or into large 
grains of quartz, traiislucid and sharp 

The Sahatany is only a small tranquil rivei , flowmg into the tumul- 
tuous Manandona with many crocodiles, the only harmful animals 
of Madagascai It nngates a large valley m which there is a remark- 
able relation between the vegetation and the ndneralogical nature 
of the soil Tins is essentially formed by parallel liands of quartzites, 
raica-schists and maibles A monotonous mantle of high grosses 
conceals the first two rocks, while the hmestoues, biight m their 
white nakedness, support numerous aloes (Aloe macfodada Baker) 
whose trunks, more than a yard in height, are surmounted by large 
bouquets of gi'een leaves These aloes vnth their epeer shapes, sole 
arborescent vegetable of the valley, reveal at a distance the composi- 
tion of Its soil as easily as on a geological map 

The precious stones are all found m the pegmatite veins, inter- 
calated between strata of metamorphosed sediments or traversing 
intrusions of granite These pegmatites are veiy heterogeneous ; their 
two essential elements, quartz and microchue feldspar, at times of 
a vivid gieen tint, and constituting the ‘‘stone of the amazone,” are 
of gi'eat size Among these rocks, it is interestmg to distinguish 
two types, as well from the scientific point of new as because of then- 
pi actical use In one, the quaitz often has the beautiful rose color 
that is sought after for making small ornaments. The mica, when 
it appears,^ is that potash-mica, in gi-eat colorless sheets, the use of 
which for portable stoves has made the mineral popular 

Only one gem exists by itself, the beryl,* but its crystals are at 
tunes enormous,* I brought back one which measures nearly a meter 
You should not behevo, however, that these colossal-lilce ciystals are 
entirely transparent , the limpid portions are seen only here and there, 
m the midst of a fissured mass, cloudy or opaque The colors that 
are most sought after, those of the aquamaiine, are the various 
shades ^ of blue and the sea green, but one sees also some colorless 
varieties and yellow or rose colora , the beautiful striking green color 
which characterizes the emerald is unfortunately not found there, 

1 Mica fa often lacking In the gem-bearing pegmatites The muscotite fa not -worked there, though a 
vary good quality of It la found In aoine special pegmatites, notably In the massif of Olotalngy, to the 
south, of Betaio 

have recently found a small quantity of uncolored topaz nt Ampangahd, IBll, 
sThose crystala of beryl ate hevagoiial prfams, very long on the vertical axis, they aie very often types 
of -weak density, of -which 1 -will speak further on 

-* The stones that are most highly esteemed are those of slcy-blue shade (Ampangabd, eto ) or of a veiV 
opeclal dark bine, with a blaok tint (Tongafeno, reteiia, eto ) 
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In several deposits situated outside tlie Saliantany ^ region there 
is also found an abundance of nionazite, a cerium phosphate sought 
foi on account of the small quantity of thoinum winch it contains, 
thorium ontcinig into the composition of gas mantles used for inten- 
sive lightmg One can find there also some iiramum liearing titano- 
taiitalomobatcs ^ from winch the precious radium is exti acted 
It IS not rash to think the day is not far distant when these minerals 
will no longer be mere scientific curiosities, hut will become material 
profitably turned to account 

The second group of pegmatites is characterized by a greater 
variety of gems ® The most abundant is tourmaline This sub- 
stance furnishes with heiyl and coriuidmn an illustration of the fact 
that the color of minerals does not generally constitute one of then- 
essential characteristics One can not conceive of malachite other 
than green, but very rare are the imnerals winch, like that, have a 
color which belongs to them alone The coloration of neaidy all spe- 
cies of minerals, and particularly some precious stones, is only a 
natiu'al tint, existing ordinarily m such a small proportion that in 
many cases one may still dispute its nature 

In the Sahatany region the transparent tourmalines are the most 
beautiful gems, runmng all the possible gamut of colors Rarely 
colorless, they are red and of many different reds, pigeon blood like 
the beautiful ruby, reds more or less tinged with inolet, fadmg away 
to the most dehcate rose, there are some greens and blues, some 
browns with now and then a smoky tmt, some golden yellows, and 
one of dazzling gold Here the colors are ninform in the same 
crystal, there they alternate to form harmonious blendmgs ‘ 

By the side of these transparent stones are also found, as in the 
preceding pegmatites, a black tonrmahne of no possible use ® 
Though from a reininiscense of the war of conquest ni which the 
Senegal sharpshooters played a r6le that the Malagasys have not 
forgotten, they call these stones “senega! " 


I The deposits -whr ro this salnerHl exists hi great ahnndanco and m large crystals ato to the north ot Betalo 
(Ampaugahil, AmbatofotsiKely, etn ), It Is there aflOonipanlod by mnpaugaliOte, colmnbile, stravertte, 
and some bismuth mtaerals (A Lacroix, Bull Soo fion? luludr , yol 31, p 03, andtol 36, 1012, p, 70 1 

s I hnt e distlngnlshed two groups among these minerals (Comptes Rondus, vol, 111, 1012, p VOl, and 
Bulli Soo frano, minor , vol 31, 1908, pp 218-312, y ol 3,t, 1910, p 321, vol 35, 1912, p 84.) The flifit la 
Isoinetido and oompuses hloiustmndlta and tivo new speoiea that I have celled betaflto and saiairesite, 
these minerals orystalizo In great yellow 01 grceiilsh ootahodrons, tlioaoconcl la orthorhomblo and includes 
euxdnite, saraaralnta, end the new mineral that I have named aiapangahelta We must add to It the 
tetragonal ferguaonlte 

t The mhiorilogioal characterlatlcs of theso pegmatites are its ahundanoe of sodium and lithium bearing 
minerals, when mloa exists It isno longer potash-tnlca, hut lepldoUte and zlnwalditerichluHthia Blotite 
Is oommon to two typos ofpegmatlto, of which 1 have recently stated thedltferoutoharaoterlstios (Comptes 
Rendus, vol 165, 1912, p 441 ) 

I I have given in my ilindralogla do la Franse et do sea Colonies (vol 4, p . 696) a detailed study, acoopi- 

panled by numerous photographs, of those blendings of various colors, submitted with some Interesting 
models m harmony wHh the ternary symnj-*i j 

» In the pegmatites with the blue hetyM ' ■ . ' 

(more than a meter) 
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The beryl J 3 common enough ‘ It 13 of a pale rose or dark carmine 
color, so unusual that it is pioposcd to give to it a special name, that 
of “morganite ” 

Spodumene,* almost evez-ywhero else opaque, is fomid in a limpid 
foim, of a beautiful rose color with a tmge of lilac, accompanied by 
an exceptional brilliancy, and this variety, the “kunzitc,” forms a 
magnificent stone, nvalmg the one which until then had been found 
only m California 

Howevei, I must mention a garnet,® the spossartitc, supplying some 
orange-coloied gems having a retraction as odd as it is strong, besides 
a mmeial makmg, also, its fimt appearance as a piecious stone, the 
daiiburite,* which, once cut, is hnid to distingiush from the yellow 
topaz of Brazil 

Often inclosed ui pegmatite and without disthict crystal forms, all 
these mmerals, with many others besides,® show themselves m pockets 
of crystals, a description of which would not be out of place in a tale 
of the "Thousand and One Nights”, tmy grottos ivith marvelous 
walls illummed by the spaiklmg of thousands of crystals, and among 
them one does not know what to admire the most, the delicateness 
and perfection of the forms, the multiplicity and brilliancy of the 
faces, or the vaiioty and nchness of the colors 

While they may form, like the aquamarine, some pnsms of great 
dimensions, or even the smallest crystals, but with faci^ of a won- 
derful clearness, like those from the pockets, or again some shapeless 
fragments, all the transparent mmerals taken from the open quar- 
ries “ are carried each evenmg to the foreman, called the c oi’inn'iulc'i, 

1 The beryl of Modagnsour docs not always Imve the biinple composition (sllic^tc of nib'’. '' ii i.lni 'iii, 
that has long been attributed to it, very frequently , cbove all ni thelithla-bc.u’tag pcgi 1 1 i |i i , oi 1 1 ■ 
gluclna IS replaocd by somo allcallcs, of molecular weights more or less considerable (In'" iii 1 1 1 .'I'O'.i, 
caesium), and llus substitution at once prevents the uicrease of density and that ol the u P i > < i ii 1 
tion This variation is con tmuous I ic is not necessarily conneoted with thocoloi, but ni" lUh' biii' .10 
most often blue or green, the heavy ones more often rose 

A knowledge of this property is very Important in order to diagnose those preolous il'o aii.i l,i 

of ■whioh may vary from 2 lu to 2 00 and the indices in the following limits 7ij=l 5Sl8 tu 1 " 21, Jj>=-1 illu 
to 1 6953, in the specimens studied up to the present time, and which docs not const '1 ■ r, d' -na'is, 1 .I 10 
extremes of that series I should add in addition to this that the \ery dense heiyls, *i' u i c I iM'u 
lengthened near the vertical axis, as lu the very light ones, are flattened near the base 1 ■ i v duo ■ --o ! 
that question recently in the Bulletin do la Socidld franpalse de mindralogio, volume ..1 1"12, pp".' 20il, 
and in somo previous articles 

» This mineral belongs to the pyroxene group, ol which it shows the crystals, it la a ■ ' ic i ut '9 ,mt’ a 
and lithla 

5 The spcssartita Is on alumina and manganese garnet, containing a little lime, that ore' esoi o j , ii .val 
to Madagascar, It can ho compared, but it is not identical with the spessartite of Nottli ( i-l.’ i in i' u 
aquamarine beryl pegmatites somo garnet is also found, hut It la tho almandine, red an I c i n ' 

< This mineral is a sillco-borato of lime, I announced its existence in Madagascar (Bull, ■a., '■•’ii; ci.id.' , 
Vol 31, 1B08, p 314), Irom some crystals fiom the vail oy oi the Sahatony 

6 We should also mention among the minerals found in pegmatite apatite, rhodwi," ml hl''i is'rr"- 

dite, as to crystallzed minerals from pockets, they are quarta, microellno, albite, ■ 1 , ' ■ - ' 
iBpldollte, to which we should add two new mlnBral species that I have culled “bltyf 1 . 

TOl 148, 1908, p 1387) and the "manandonite” (Bull Soo Irang mlndr,, vol 3fi, 1912) 

» In a few deposits the pegmatite is found intact and very hard More often it is ft t, v.iir'inued or 
latcrltked, and in these two cases it has become soft enough to he quarried with tho pick x c 'i o' cl, tee 
gents can then be cosily exti acted In many of the beds they work on dluviorts, coUetlU g '.he ri.i!iiia..!tO 
jn plaoeorfollen toltsimmedlate vicinity 
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iollowing the nncient customs of our old colonies The foreman, 
with a little hammer or pmeers, without regard for geometrical 
beauty, for which mineralogists have a sort of worship, apphes him- 
self to brealong out the stone/ an operation which consists in reduc- 
mg the mass to small pieces, m order to detach the Innpid portions 
and to separate them not only from the rest of the vemstone, but 
fiom aU that which, in the material, is not usable, and it is under this 
rough form of angular debris that the gems are exported to Europe 
for the final cutting 

The alluvial deposits are very different fiom deposits “en place” 
and less attractive Mmerals are no longer found m any sort of 
collective relation in them mother rock Undei the influence of the 
phenomena of alteration during centuries, they liave been detached 
from their gangue little by little, drawn away from tbe jilaco of their 
origm by the supeidicial tiicklmg down, and hurried along much more 
quickly as they are less dense until they have been carried a long 
distance by tonents and mixed with other species of different nature 
and origin 

Under the tumultuous waters which consume the most resistant 
mountains, pursumg without truce a sort of eternal stingglo for life, 
' the Weak minerals, the soft and fragde ones, are worn away, crushed by 
the strong, I should say by the hard mmerals, and are elimmated in 
the form of fine clay ; the strong resist much longer, but whatever they 
are, their crystals sooner or later lose the biTlliancy of them faces, the 
keenness of them edges, and before disappeainng m them turn they 
ere leduced to the condition of round pebbles Among them, of 
equal hardness, those are preserved the longest that are devoid of 
physical blemishes This is a gigantic mechanical preparation, a 
formidable cutting, effected by natural action It is a selection 
through force and beauty 

Eurther, the gems that subsist in beds, where they are often asso- 
ciated with heavy and precious mmerals, such as gold, pertam to a 
number of more himtod species, though as a rule they are less abun- 
dant, yet tlie proportion of beautiful stones in such cases is generally 
great At Madagascar these stones are chiefly corundums, garnets,® 
occasionally some chrysobeiyl, some spmel, and topaz. 

One of the most typical of the alluvial deposits among those I 
visited is found to the southwest of Amhositra, in the bed of the 
small river Ifempina Its boundary is not at all a wilderness of 
weeds hke the Sahatany, but a forest m all its splendor, impenetrable 


I In certain works Uie cutting la not done la the camp (toby), but at the prospector’s hcadquaz tors ( \iit 
eirabd for example) 

'”'1 ^ ’ ’ wide range of color from daik red to a pretty rose itauy 
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outside the beaten tracks, a forest whose glades set in great trees are 
peopled with jnany-colored birds and agile lejnuis 
The few habitations along the path that led me there were no 
longer the small white molded clay houses of Imerina, but light 
wooden huts bmlt on piles The landscape is no more enlivened by 
the white “lambas” of the Hova, the natives that roam in the woods 
are half nude; they are the Taualas with liau'y faces 

The waslimg of the alluvia with the aid of primitive sluices and the 
“bat§e,” still more primitive, yields, with some gold, many eiystals 
of corundum ^ much rolled Most of them arc opaque but some are 
transparent By an irony of nature, that does not fail to rise again, 
and not without bitterness, the prospector, who kindly allowed us 
to visit his worlfs — it is the uncolored corundum which forms the largest 
crystals — could weigh them up to 500 grams. 

Then limpidity is so perfect that they might well be classed as 
magnificent precious stones, but of a difficult setting; nevertheless 
the least among them would brmg a fortune if it had the color of the 
smallest rubies and sapphu’es winch accompanies them 
In order to find the deposits inch in rubies, and especially in sap- 
phires, you must climb toward the north on the volcanic massif of 
Ankaratra, where are worked some basaltic alluvia contammg debris 
of gramtic subtraction, the origmal source of the crystals of coinm- 
dums and zuxons which accompany them.^ 

Such are the precious stones of Madagascar, numerous, varied, and 
beautiful Beryls, tourmalines, lomzite, spessaitite, and uncolored 
corundum, in particular, could cope through their limpidity, their 
color, and theu' binUiancy with similar gems of the best known 
deposits of Brazil, of Ceylon, of California. Some of thorn, the rose 
beryls and the yellow tourmalmes, for example, arc unrivaled through- 
out the world. They need only to be Icnown. As the new comes to 
everything, so these must conquer their right to hve I have the 
pleasure of presentmg these to you in recognition of the pleasures that 
theu study and their pursuit has afforded me in traversing the vast 
solitary places of the high plateaus illuminated by the cleai of 
the southern wmter, m traversing the somber vaults and dense 
forest 

1 Tha Qorundura crystals of tils deposit aro at times transformed into absolutely round pebbles, and 
moreover, from the situation of Ifemprna and the position of the pomt situated up the stream whore they 
oommonee to find them, thei can roll on a oourae only a few kilometers It Is true that the valley is very 
winding, hollowed between cliffs of granite and gneiss, they could be used on the spot as some sort of caul, 
drons lor giants 

a By their properlios and their hind of deposition those stones are identical with those of Velay (Espaly 
near I.e Buy and Le Coupet). 
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The knowledge ol gems constitutes only a small part of miner- 
alogical questions winch are presented in Madagascai Its extinct 
volcanoes, its locks and their minerals, its ores, their composition, 
their mutual relations, their genesis, their modes of alteiation deserve 
in the highest degieo the attention of men of science 

Fifteen yeais of work on these materials of all kinds accumid.ated 
111 my laboiatory of tho museum through the devotion and intelligent 
curiosity of exploiers, officers, administrators, of colonists, prospec- 
tors, had very often made me dieam of the Great Isle 

This dream has become a roahty This has not in the least dis- 
appointed the hopes that had been bom m my mind 



THE FLUCTUATING CLUIATE OF NORTH AIVIBRICA ^ 


By Ellswouth Huntington 
[With 10 plates ] 


PART I THE RUINS OR THE HOHOKAM 

Durmg his connection with the Pumpelly expedition sent out by 
the Cainegic Institution in 1903-4 to Transcaspia and adjacent 
regions the piesent author came to the conclusion that m the diy 
regions of central Asia the clunato of the past was distinctly moister 
than that of the present During the next two years an expedition 
by way of India to Chinese Turkestan, in company with Mr. R. L. 
Barrett, led him to extend this conclusion over a wider area and to 
beheve that the change of climate has not progressed regularly, but 
by pulsations. Still another expedition to Palostme, Asia Minor, 
and Greece in 1909 on behalf of Yale University seemed to confirm 
the pulsatory theory, and to show that the general couisc of history 
for at least 3,000 yeai's has been m hai’mony with the supposed 
climatic pulsations. Moreovei, the obseiwations of othcia, even of 
men such as Boadnell, who do not believe that the climate of the 
earth has changed m recent tomes, seem to indicate that north 
Africa, on the one hand, and central Europe on the other, as well 
as southern Europe and large parts of Asia, have also been subject to 
climatic changes Thus there seems good ground for the conclusion 
that during historic times essentially synchronous climatic pulsa- 
tions have taken place m all of the vast region of the Temperate Zone 
from China on the east, across Asia and Europe, to the Atlantic on 
the west. Obviously, if such pronounced and widespread changes 
have occurred m the Eastern Hemisphere, theie is a possibihty that 
changes of a similar nature may have taken place in America 
Accordmgly when Dr D T MacDougal, director of the Department 
of Botanical Research of the Carnegie Institution of Washarigton, 
invited the authoi to cooperate with the Desert Laboratory at 
Tucson, Ai'ia , in a climatic study of the arid southwestern portion 
of North America, the opportunity seemed too good to be neglected. 
Three seasons, consisting of thi'ee months m the spring of 1910, 

1 Reprinted, by pennlSBion, abridged by the anthor, from The Geographioul Journal, London, for Sep« 
tember and October, 1912 
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four months in 1911, and four m 1912, have now been spent m the 
field The time was divided between the States of New Mexico, 
Arizona, and California ui the United States, and Sonora, Mexico 
City, Oaxaca, and Yucatan in Mexico, ifost of the methods of 
investigation weie similar to those which the wiiter has employed 
m Asia, and led to a similar lesult To these, however, wore added 
some significant observations upon the relation of tropical jungle 
and tropical forest to civilization m Yucatan, and a series of highly 
conclusive measurements of trees Both of these new and mde- 
pendent Inies of observation confirm previous conclusions, but in the 
present aiticle the facts as to Yucatan must bo omitted for lack of 
apace. 

Onutting all consideration of the effect of chniatic changes upon 
the form of the earth’s suiface, the composition of sod, the distribu- 
tion of animals, and various other lines of thought, let us turn at 
once to the vestiges of pre-Columbian man found m the southwestern 
part of America Some, such as the cliff dwellings and the great 
irrigation woilvs and villages of the Gffa Valley m southern Arizona, 
are famous A far larger numbei, however, have received almost no 
attention even, from aicheologists The leason is obvious In most 
cases the mins aie so insignificant that an unobservant traveler might 
ride miles thi'ough what was once a region thickly studded with vil- 
lages without being aware of the fact. Walls for defensive pur^ioses 
upon, the mountams or pictographs upon the face of the rocks are apt 
to attract attention, but few people notice the far more important 
sites of villages scattered in profusion over thousands of square miles, 
especially in southern Arizona, New Mexico, and the neighboring 
poifis of Sonora The sites are now reduced to barren expanses 
strewn with ornamented bits of pottery, flint knives and arrow heads, 
stone hammers and axes, mam and metate stones for grinding seeds, 
and m some cases rcctanguloi’ lines of bowlders placed erect at mter- 
vals of a foot or two and evidently outhniiig the walls of ancient 
houses. Here and theic a little mound a foot or two high shows 
where an ancient dwelling was located In almost every village an 
oval hollow sui rounded by a low wall coveis an area 100 or 200 feet 
long by half as wide— not a reservoii’, as one at first supposes, but 
probably a ceremonial chamber of some sort. Aside from these 
scanty traces nothing remains. Yet there can be no question that 
these were once ancient villages Frequently the ground is full of 
bits of pottery to a depth of 2 feet or more, while the surface is so 
strewn with similar bits that one can not walk without treading on 
them. The houses were probably built for the most part of branches 
wattled with mud Such houses disappear quicldy when abandoned, 
for the wood decays and the clay used for wattling blows away or else 
is spread over the ground in such a way as not to be noticeable. ' The 
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more well-to-do members of tbo community apparently had more 
pretentious houses, the remains of iviuch are probably to be found in 
the larger heaps of clay and rubble which occur in most villages. 
Close to the mountains, or in regions wheie stone was available, other 
^^..jraethods of constmetion prevailed There we find every type of 
architecture, from houses wluch used stone only in a single course m 
the bottom of the walls, to structures made entiiely of roughly 
squared stone bloclcs Some of these stone structures were chft 
dwellmgs of tlu'ce stones in front of caves, wlnle others were isolated 
buildmgs standing in the middle of a plain and stdl rising three or 
four stones even after the lapse of one oi two thousand years. 

The majority of the villages must have been inhabited for a long 
tune Even where the houses have entirely disappeared, the amount 
of broken pottery covenng the ground indicates that a busy popula- 
tion lived here for centuries The modern Pap ago Indians still use 
pottery to almost the same extent as before the coming of the 
white man, yet the amount of broken pottery in their chief villages, 
which have been inhabited at least 50 years, is insignificant, while 
that in the rums is as great as m many Asiatic rums which ai'e ivell 
known to have beqn occupied hundreds of years. I emphasize this 
point because American ai’cheologists and ethnologists have labored 
under a peculiar impression which amounts almost to an hallucination. 
Being convinced that no change of climate has occuned, they have 
been forced to the pecuhar theor}^ that the ancient people of America, 
the "Hohokam” or "Perished ones,” as the modern Pimas call 
them, were of a different nature from the rest of mankind It has 
been supposed that these ancient Hohokam were exli aordiiiardy 
mobile and extraordmarffy mdiistiious For mstance, m the Thir- 
teenth Annual Report ol the Bureau of Ethnology (p. 259), Minde- 
lefl, one of the best authorities, says that “a band of SOO 
village-building Indians might leave the rums of 50 villages in the 
course of a smgle century ” He assumes a degree of mobihty unpar- 
alleled among any modern agricultural people, or among any of whopa 
we have historic records. His assumption also carries with it thu 
coroUaiy that the Hohokam must have spent most of their time in 
building houses, or in making pottery with which to strew the ground 
and give an appearance of age to them villages. Hunting tribes are, 
of course, mobile m the highest degi’ee, but the people with whom we 
are dealing were strictly agncultuxal, as is universally agreed The 
rums ol their villages are mvariably located close to agncultural land, 
or at least to land which would be available for agriculture if there 
were water enough ; them number, even according to those who hold 
the migratory theory, was too great to allow of their obtain mg a living 
by liuntmg, they had no domestic animals on which to rely; and 
finally, traces of corn and beans, the two staple products, are found in 
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almost every rum. Accordingly, m the following discussion we shall 
follow the archeologists in assuming that the ancient Hohokam 
were an agricultural people. We shall depait from them, however, 
in assuming that, m the absence of any evidence to the contrary, the 
Hohokam were like the lest of mankind, and then luins arc to 
interpreted by the same ciiteiia ae those universally employed m the 
study of the arclieolog}’" of other parts of the ivoild 

With these assumptions m mmd, Ave aie prepared to mvostigate 
the lelation of the ancient population to lamfall. Let us fiist con- 
centrate otii attention upon a single region, the Santa Cruz Valley 
of southern Arizona I select this valley, not because it is particu- 
laily leniarkable, but because it happens to contam Tucson, the site 
of the Deseit Laboratory This toiva is the laigest in the two 
States of New Mexico and Aiizona, although it has only 16,000 
people, mcludmg all its subuibs 

The reason for the scantmo&s of population is found ni the climate. 
The average lainfall at Tucson amounts to about 12 inches This is 
distributed between two ramy seasons, one of them comes in the 
winter from November to Maich, and has an average of about 5 
mches of rain, Avhile the othei, vdth 7 mches of ram, begms at the 
end of June and lasts unth eaily in Septemboi The months of 
Apnl, May, and June, or the foresummer, as MaoDougal has called 
them, ai’e practically raiuloss and veiy hot, and the same is true of 
the mteival from the end of the summer rams to the begmnmg of 
those of Avintei Nothmg can be raised without irrigation of some 
sort Since the commg of the white man, ivmter crops, such as 
barley, alfalfa, and the hke, have become important The Indians, 
hotvever, cultivated practically notlung except corn and beans, 
winch they inigated by means of the summer floods 

The Santa Cruz Vallc}’ has a length of at least 200 miles, but most 
of it is well-nigh a deseii, and can be utilized only foi cattle raising. 
Accordmg to Prof R. H Forbes, director of the Aiizona Experiment 
Station, the entire drainage area of the Santa Cruz River contains 
only about 6,000 acres of land under cultivation Part of the 6,000 
acres is under full irrigation and produces four or five crops of alfalfa 
per year, while a considerable portion is only under flood irrigation 
and produces but one crop each year, when the heavy rains of July 
and August redeem the desert for a brief space TJnder the best 
system of iirigation available in modern times, Prof Forbes estimates 
that for oveiy 2 acres brought under full cultivation one person is 
added to the population of Arizona. In other ivords, if the Santa 
Cruz Volley were cut off from all the rest of the world and left to its 
own resources without lailways, mines, health-seekers, or other 
extraneous sources of wealth, the population would be hrnited to 
the 3,000 who could be supported on the 6,000 acres of inigated or , 
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partly iirigated land To this number nothing could be added by 
dry farmmg without irrigation, for Prof. Foibea expressly states that 
at the present time, in spite of various attempts, no such thmg as 
genuine diy farmmg exists in the State of Arizona Promising 
experiments give hope of some success m the future, but they involve 
repeated and expensive plowing of the soil after each short period 
of lam, and this must be kept up for two yeans before any crop can 
be harvested It may safely bo assumed that the ancient Hohokam, 
with no iron tools, no beasts of bin don, and no gieat knowledge of 
science, could scarcely cultivate as much land as the modem Ameri- 
can Moieovei, as they had no ivmtei ciops, they could scarcely 
have laised as much food per acre as is now possible, even had they 
not been otheivnse handicapped For the sake of aigument, how- 
ever, let us suppose that ivith the aid of game, wild fruits, and seeds 
in bad years, and with then lower standards of hvmg, the Hohokam, 
if they were here to-day under the piesent conditions of climate, 
might suppoit themselves to a maxmium number of four or five 
thousand 

Granting that four or five thousand Hohokam might possibly find a 
living m the Santa Cruz Valley under present climatic conditions, 
let us see where they would be located Inasmuch as the ancient 
people were agricultural, they must have lived where both land and 
water were available At present about 1,500 of the 6,000 arable 
acres are at tbe Indian reservation and old Spanish mission of San 
Xavier, 9 miles up the Santa Cruz to the south of Tucson, Six or 
seven hundred Indians now live there, cultivating the land, raising 
cattle, and gomg out to the neighboring city to work In the days 
of the Hohokam a somewhat dense population hved at San Xavier, 
as is proved by various rums, mcluding a fort on a hilltop. Around 
Tucson itself the modern houses and streets make it impossible to 
determine exactly how large an area was occupied by the Hohokam. 
In aU the outskirts of the town, however, pottery and other evidences 
of early man arc abundant, and there is a fort on Tumamoc HUl, 
where the Desert Laboratory is now located ^Evidently many 
Hohokam lived near Tucson and cultivated the 2,000 acres which 
can there be irrigated A thu'd lai’ge area of modern cultivation is 
found along the Eihito, a stream from the southeast which joms the 
northwaid flowing Santa Cruz, 8 miles north of Tucson Heie 
nearly 2,000 acies are now in use. In the past the Hohokam evi- 
dently made use of the same land, for traces of villages are found 
near Agua Cahente, Tank© Verde, Fort Lowell, and elsewhere. The 
three areas of San Xavier, Tucson, and the Eillito Valley inclgde 
about 5,600 out of the 6,000 acres available for cultivation, wl^ile 
the remaining SOO are scattered here and there in insignificant 
patches. 
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I have described the present distribution of population in the Santa 
Cruz Valley and its relation to rums in order to bung out the fact that 
the prehistoric inhabitants utihzed every site which their modem suc- 
cessors can utihze They did more than this, however, for in the now 
almost umnhabited and waterless 50 moles below the mam irrigate^ 
areas of Tucson they oociipiod at least seven distinct villages, and 
others wiH probably be discovered The first village, at Jaynes 
station on the Southern Pacific Railroad, 7 miles below dhicson, must 
have been a genume town. Broken bits of pottery, old grinding 
stones, pestles, stone hammers, flmt arrowheads, and the low mounds 
of old houses extend for oyer a mile along a shght ridge of gravel 
between two areas of low-lying fertile land easy to inigate and cul- 
tivate if the river contained water Now, however, the nver does 
not flow so far except in floods It might possibly reach this point 
permanently if no water were taken out upstream, but tins is not 
certain, and we have already seen that in former times there weie 
numerous villages farther upstieam which must have used up a large 
amount of watei The abundant traces of human occupation m the 
Jaynes village appear to indicate that the houses were close together, 
and were occupied hundreds of years Tins one village can scarcely 
have had less than one or two thousand inliabitants. Adjoining it 
on the east we traced wdiat seemed to be the lino of a canal for more 
than a mile on the gravelly ground between the bottom lands of the 
Santa Cruz and the Rillito, Hei’e we found not only numerous rem- 
nants of houses, but several of the hollows desonbed above which 
seem to be ceremomal chambers, and which by their size and number 
point to a somewhat large population 

Two rmles downstream from the Jaynes ruins, at the Nine-mile 
Water Hole, where the last permanent spnng is now found m the dry 
river bed, another village was located, not so large as its neighbor, 
but nearly half a milo long On the opposite or north side of the 
Rillito we found traces not exactly of a village, but of a senes of 
houses scattered along the edge of the arable land at intervals of a few 
hundred feet If aU these ruined sites were occupied at one time, 
which was probably the case, as we shall see later, the population of 
this one small region from 7 to 10 miles below Tucson can scarcely 
have been less than two or thi'ee thousand That the inhabitants 
cultivated the low land on all sides of them can hardly be doubted, 
for the houses are located just on the edges of the good land, but 
without encroaching upon it except where the arable tracts are so 
extensive that an elevated, gravelly site can not be found within a 
reasonable distance. The villages in the situations thus far men- 
tioned might at present succeed in getting drinlong water without 
much difficulty. They could scarcely get a hvmg from agriculture^ 
however — and certainly not fi-om any other source — unless the upper 
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villages were -unoccupied and all the watei normally used by them were 
brought many nulos downstream in canals Tins is scarcely possible, 
for the universal tendency in all iingated legions is to use the water 
as far upstream as can be done profitably undci the existing state of 
^^^^all in tlio science of iingation In the good ycais, to bo siuc, the 
people of these villages might raise crops, but in the cUy years they 
would staive 

Farther down the Santa Cruz Rivei, by wlncli I mean the dry bed 
wherein a httle water occasionally flows, a smaU nun hes at the 
mouth of the Canada del Oro, oi Little Canyon of Gold A httle 
farther doivnstieaiu, at the so-called Point of the Mountains, 17 miles 
northwest of Tucson, there js another largo luin known as Charco 
Yuma In the spring of 1910 we found that tlie nearest source whence 
people like the Hohokam, who could not dig deep wells, could have 
obtained water was S miles upstream at the Nine-mile Watei Hole 
There the amount was sufficient for clnnlang purposes, but not for 
irrigation Ranchcis engaged in laising cattle informed us that no 
water whatever had come down the iivei during the preceding wintei, 
although during the summer of 1909, when the rainfall for the hot 
season was close to the aveiage amount of 7 inches, floods came down 
after 15 or 20 showers In some cases the flow of water lasted only 
two hours, 111 the height of the rainy season, however, that is at the 
end of July and beginning of August, a biook of more or less size 
flowed steachly for tivo weeks. The average duration of the floods 
was said to be about 36 horn's. From tins we infer that diinng a 
summei of aveiage lamf all, siuface watei iiow.s as fai as the old village 
of Charco Yuma for 25 or 30 days during July and August Tins 
conclusion IS confirmed by the statements of Socoro Ruelas, a Mexican 
cattle ranchei, who m boyhood and eaily manhood lived at the old 
stage station located in the rmdat of the i uins In ivinter, accordmg 
to his statement, water rai'ely leaches the place, and even the heavy 
showers of summer sometimes fail to sond it so far Wlien he was a 
boy in the late seventies or eaily eighties the spring at the Nine-nule 
Water Hole increased so much as to send out a stream that was used 
for iriigation for a year or two But at other times it completely 
eh’ied up, so that there was no surface watei vdtlun about 12 miles of 
Charco Yuma. From the spimg of 1885 to August, 1887, accoitlmg 
to the dates given by the Mexican, no water whatever, either in sum- 
mer or -wmter, came down as far as the rums, and people like the 
Hohokam who depend upon summer floods would have had no crop 
in 1885 and 1886, and only a poor one when the late rams of 1887 
arrived. 

In spite of what has just been said, there is a httle cultivation on the 
opposite side of the Santa Cruz Valley, a mile north of the ruins of 
ssseo®— SM 1912 -26 ' , ' 
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Charco Yuma Here, near the viUageleas station of Eillito on the 
Southern Pacific Raihoad, a narrow strip of land containing some 
300 acres and extending along the railroad for about 3 miles is culti- 
vated by tlis stationmaster and a neighboiing cattle rancher. "Tallc 
about dry farming, ” said the statiomnaster, ‘‘it’s the easiest soit o^ 
thing Five inches of rain a year is aU we need here, and we get on ^ 
an average twelve. Just look at my fields Tliey’re not so good as 
usual, but they show what can be done m a bad year hke tins. It’s 
all in the way you plow and harrow and roll ” A httle investigation, 
howevei, sufiiced to show that the 300 acres are supplied with very 
effective irrigation, not artificial but natural At this point moun- 
tainous spurs cause the broad waste-filled basin of the Santa Cruz to 
contract to a width of only a httle over a imle The rock floor of the 
basin hes near the surface and acts as a concealed dam to raise the 
level of the ground water Also, the floods, when they come so fai, 
spread out hoie and accumulate in pools Neveifcheless the crop was 
poor when I saw it because the rainfall of the wiiitei of 1909-10 was 
less than the average, and was badly distnbuted, most of it falling 
eaily m the winter The grain planted in September and October 
and even in eaily November grew fairly well, while that planted later 
faded to head Even in the best part of the 300 acres, however, that 
is 111 the most moist depressions, the hay crop, foi winch the bailey is 
planted, was expected to amount to only about 15 tons as compared 
with 95 in the piecedmg year 

At least a quarter and probably a third of the winters during the 
labt 40 years, since records of precipitation began to be kept in the 
region, have been even more unpropitious than 1909-10 If the 
poor ramfall of that year could cause the diminution of the crops to 
the extent of five-sixths, it requires no demonstration to show that 
the fields must have been almost useless m the nme years since 1867 
when the winter rainfall has been leas than at that tune Outside of 
the 300 acies now m use many attempts at cultivation have been 
made neai Charco Ynma, but without success In yeais hke 1904-5, 
to be suiG, with nearly 15 mches of ivintcr ram between October and 
April and 6 in the summer, from July to Septombei, or Idee 1906-7 
with nearly 8 in winter and 11m summer, fine crops can be raised in 
many places, but this is the exception, not the rule 

To sum up the conditions at Charco Yuma, it appears that no per- 
manent supply of water is available without the di gging of wells at 
least 25 feet deep, a task highly difficult for a primitive people without 
iron tools. The nearest permanent supply of water is 8 miles aw.jy 
and even that occasionally fails. A period of two years and more 
may pass without a single temporary flow of water The total 
amount of land capable of cultivation amounts to about 300 acres 
sufficient to support 150 or 200 people in ordinal y years, but, the 
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yield from this land has fallen off as much as 85 per cent in recent 
dry yeai-s, and must fall off more in the frequent seasons which are 
worse than the one m question Wintei ciops such as have ]ust 
boon mentioned, however, had no nnportance for the Hohokam, since 
.^hcy had no wheat, baile}^ oats, or othei grams of the Old World, but 
depended almost solely upon maize and beans, winch lequnc summer 
ram. Accoidnig to Rueks, the Mexican, no flood waters reached 
Charco Yuma m 1885, when the summer lainfall amounted to only 

3 07 mches, the minimum on lecoid, nor in 1S8G when it amounted to 

4 27 inches^ If no water loaehed the place with a lanifall of 4 27 
inches we may safely uffoi that at least 5 inches would be required iii 
ordci to laise any ciop whatever Durmg the 45 years foi winch rec- 
ords are available, 15 sununcis, or one-thiid, have had a rainfall of 
less than 5 mches We seem compelled to conclude that at ^jresout 
the total amount of land winch coidd be cultivated imdoi the Hoho- 
kani methods amounts to only 300 acres, winch ivould yield no appre- 
ciable ciop at least one yeai out of three, and poor crops about half 
of the rest of the time 

In spite of these untoward circumstances the Hohokam hvod here 
in considerable numbers On the left bank of the dry river bed, 
between the channel and the base of the juttmg point of the Tucson 
Mountams, kir Herbei't Brown, editor of the Tucson Star, showed us 
the remains of a large village. For nearly 2 miles we found pottery 
and othei artifacts scattered along the base of the mountains, not 
thick as a rule, hut at frequent mteivals as if hoiisca had been located 
heie and there along the edge of the cultivated land ]U3t as wo have 
seen to he the case farther upstream, or as the modern houses of the 
Papago Indians are located at San Xaviei In the center of the vil- 
lage the pottery is thicker There we found a great bowlder of ande- 
sitic lava almost buried in allimum It was studded with 24 round 
holes about 10 inches deep and 3 oi 4 m thameter, while a sunilai* 
block not far away contained 7 holes of the same sort Long ago the 
Hohokam women must have gathered here with then stone pestles, 
and gossiped as they sat on the great rocks and pounded com, beans, 
or other seeds to make flour for the daily broad of their liusbands and 
sons. Not iai away an elliptical mciosure of the land winch we have 
supposed to be a temple or place for religious ceremonials has a length 
of 210 feet and a width of 90, dimensions sufficient to indicate a village 
of considerable size Back of the temple and the great grinding stone, 
if these are the proper terms, the whole eastern and noithern face of the 
steep rocky hills is covered with low defensive walls, inclosing spaces 
10 to 30 feet wide, where famihes appear to have taken refuge in 
times of clanger A rough estimate shows that these mclosiires num*; 
her several hundred, winch gives some idea of the probable “Wc of 
the village In addition to the rums already described i here Man still 
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another large village in this vicinity on the farther side of the Point 
of the Mountains, that is half or three-quarters of a milo downstream. 
Here for neail)’' a mde and a half along the gravel terrace above the 
alluvial xilam of the Santa Cruz, and ovinlooking at a distance the 300 
acres now under cultivation, pottery and the usual acconipanymgi* 
artifacts aro thickly scattered, The central part of the village occu- 
pies an area of about 200 acres, while the surrounding part where 
population was less dense covers a shghtly larger area In the center 
of the village, pottery is thicldy strevm, and the upper layers of earth 
are full of it to a depth of 2 feet, indicating very long pccupation. 
Tins lower village was larger than the one on the other side of the 
mountains, and, to iudg(' from the degree of rum of its ceremonial 
chambers, it appears to have heen occupietl longer and abandoned 
earlier. Moreover, there aro no defensive walls, so far as we could 
discover on the side of the hills facing it, all hough there aic plenty on 
the other side All these things suggest that the ongmal village was 
downstream from the Point oi the Mountains, and existed during a 
time, of peace, prosperity and dense population, whdo the other village 
was occupied later, perhaps at n time when the water supply was 
hecommg less so that it was necossaiy to move upstream above the 
rocky dam of the mountains At the same time war-hke conditions 
perhaps began to prevail, possibl}'' because of the distress due to lack 
of rain, and accordingly the people of the village wore obliged to 
, build places of defence upon the mountain side. 

' Below Charco AMma agricultural conditions become less and less 
. favorable. Nevertheless rums of villages are found at Nelson’s Des- 
ert Paiich, 26 imlos from Tucson, at Pieacho, 16 mdes farther down 
. tho Santa Cruz, and in several localities south of Toltoc Station, 
wliich is about 55 irulos northwest of Tucson Those last sites he hi 
a region ivhere a recent attempt at nrigatiun has licen made on a 
lai'ge scale A dam of earth was tlu’own up to collect flood water, 
and canals were constructed to distribute it over a plain of the richest 
sod. My first knowledge of the project came from tho sight of a cloud 
of dust winch I saw from a mountain top many miles away "That,” 
Said my companion, "la the dust of the 4,000 acios that the Santa. 
Cm?; Reservoir Co plowed up and planted with barley last fall. 
Not a grain of their bailey has come up m the whole 4,000 aciefe^ 
iind .yet they are trying to sell faims ” Later I rode through the 
dust of the great plowed fi,eld-~du&t ankle deep — and saw with my' 
own eyes that there was not a vestige of any growing thing. During 
the winter no water came down to fill the reseivoi”. ilie nexi .-am- 
mer brought no better success, and the project e as .Lijoiidoned. Tlie 
eufcu’6 group of ancient villages in this region of imsucro'-fu! inign- 
fcion below Charco AMma must have contained as many jicople ua the 
gi’oups, at either Jaynes or Charco ynma. In every village of ‘this’ 



OLlJvltATE OF NORTH AMBHIOA — HUNTINGTON. 393 

t 

mosii remote gioup the problem not only of raising ciops, but of obtain- 
ing dnnlang water, would apparently prevent pnrmtive people from 
living there under present conditions Wolls a bundled or more feet 
deep, such as support the few far-scattered catllo ranches of modern 
. times, were of course out of the question Keseivou's were doubtless 
the common resuuiue, but tliey were apparently constructeci merely 
of earth without idaster, nud at best they must have been shallow. 
If for 10 consecutive months no floods came down the river to this 
point, as hiippi'ued m 1909-10, all the water must have disappeared 
by seepage or evaporation, to say iiothmg of daily use, long befoie 
the supply \s as loplenished, while periods hkc 1884-1886, when there 
were no floods foi at least 30 months, would mevifcably cause the com- 
plete abandonment of such a village and probably the death of many 
of its inhabitants, by reason, not onlv of hunger and famme, but also 
of the wars and dissontions which would mevitably arise when all 
the countiy was in the throes of terrible drought 

To sum up the conditions in the Santa Ci'uz Valley, it appeara that 
at present not more than four or five thousand people could find aus- 
tenanco without modern railroads and other means of outside assistr 
anco. The part of the valley which is now capable of cultivation 
contams I’ums which hidicate that all the available land was utilized 
m the past Below tho point where irrigation is now possible thefe 
ai’C thiee large groups of rums, and the three together must have 
had a.s many people as the higher regions where there is still water, 
in other words, it seems as if the Santa Cruz Valley once had at least 
twice as many people as it could at present support, and half of these 
lived w'hcrc the white man can not now get a bving from agnonlture. 

Before leaving the Santa Cimz drainage area, wo must describe two 
sites located at the headwaters of tributaries and affordmg phen.om-' 
ena difl'erent from those thus far discussed. The first is at Gibbon's 
ranch, oast of Tucson, at the southern base of tho Santa Catalina 
Mountains. This is one of the few places where the water supply 
depends upon a spring rather than a stream. In 1910 we found the 
site mioccupied, although a deoaymg adobe house stands beside a 
small rcservob supplied by two or tliree trickling bttle springs. The 
total amount of water in Moi’ch, 1 910, would scarcely have sufficed, 
to UTigate 3 or 4 acres, an amount so unafl that the owner of the 
ranch did not find it worth while It' n'mciice oginculturo at ab, but 
turned his attention to cattle raising. Smee his death or removal, 
no one has lived there Some day, perhaps, a thrifty G’-’- -"c - f 
will establish thc^’o a market garden He will cer • .i ' . ■< 

■skillf ul if ho ( an J u.kc iiiie water ■'Uilico for the Buppori oi more man 
two or three familie's Yet onpe fhere was a respectable village hCro. 
Tkut 01 tUc! dry ’‘ivaoh” or sandy flood channel which occasionally 
. tiuTi'-' rt’iti-i' b'r an iiour or two while rajn is falling, my guide, Mr. 
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Bovee, and I counted tlie stone foundations of 2S houses in an m-ea 
oi 8 acrcis, while we found pottciy quite thicldy strewn over 40 acres. 
We doubtless missed some of the houses, cither because then founda- 
tions have been concealed by the washing of gravel m floods, or be- 
cause thou appearance is insignificant Hence we seem to be well 
within the limit if we say that the population of the village lu its 
prime was probably as much as 1 20, whereas now the available water 
supply IS sufficient for httle more than one-tenth as many I am 
well aware that the common objection to this conclusion is that the 
ancient Americans did not occupy all the houses of a village at once; 
that people built houses, and then if some one died they built othem; 
and thus there might be many times as large a number of houses aa 
there were families This view, however, is unproved Its basis, la 
first, the fact that certain modern tribes of Indiana, few in number, 
and livmg largely m huts of temporary and easily constructed chai'« 
acter, have the habit here described, and, second, the unfounded 
assumption that the population of the southwest m ancient, prehis- 
tone limes can not possibly have been so large as the rums would seem 
to indicate, because the country can not now support so many people. 
In reply to this it may he said, first, that wo have no knowledge of 
the customs of the Hohokam apart from what we learn from their 
rums, nor do we even know that they were related to the modern 
Indians any more closely than wo are supposed to be to our fellow 
Indo-Europeans, the Persians. In the second place, the habit of 
abandoning dwellings after some one has died in them is not at all 
common at the present tune, and it rarely or possibly never prevails 
among a purely sedentary, agricultural people such aa the Hohokam 
appear to have been It is practically lumted to tribes who wander 
from place to place and whose habitations are consequently of the 
nature of booths or mere temporaiy sheltois, easily removed and 
easily renewed In the tim’d place, the size of the central stinicture 
of each rained village, the supposed ceremonial chamber, is sufli- 
cient to imhcato a considerable number of people The stone founda- 
tions of the struetm’e at Gibbon’s ranch, for example, have a length 
of 105 feet, and it hardly seems probable that a mere handful of 
Hohokam, 10 to 20 in number, mcludmg women and ehddren, would 
have built so large a bmlding Finally, it is unscientific to assume 
that conditions of climate have always been as they ai’o to-day. It 
may be that those who hold this view ai’e right, but they certainly 
are not justified m makmg the assumption when the matter has 
never yet been submitted to any i-igorous mathematical investiga- 
tion such as is here attempted. 

After studying the rums of the mam Santa Cruz Valley I came to the 
conclusion that a mere examination of the map was sufficient to 
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indicate ■where ruins would be found Accordingly I decided upon 
the head of the Rmcon Valley, about 22 miles southeast of Tucson, 
as a test case The expected ruins wore found m the shape oi sevoi al 
small villages, the chief of which contains the foundations of at least 
IS houses Probablj'’ there weie once othei houses in the valloj^, 
for pottery is found iii soveial places wheio no foundations are visible. 
The present population consists of two Mexican and two American 
famdies, one of the latter bcuig the loiest rangei, but the arable 
land 18 said to amount to 150 oi 200 acres, which would iiermit of a 
population of 20 or 25 families, The significant fact ui this case is 
not the discrepancy between the present and past population The 
numbei of mhabitants in the past was not limited by tho amount of 
watei available in the stieam, but by the amount of level land m the 
nairow bottom of the valley. Apparently the Hohokam wanted 
more laud than they could leadily obtain About a mile and a half 
east of the lorest rangei 's house and some 3 miles east of the jiromi- 
nent hill called Sentmel Butte, a gi’assy slope chops toward the 
northwest at the base of Kmcon Peak, 8,465 foet high, The slope 
has a fall of about 10 degiees, and an altitude of from 3,300 to 3,500 
feet above sea level. On the moat favorable part of the slope, for a 
distance of about half a mile parallel to the upper Rincon, and for a 
width of half or two-thirds as much, one finds unmistakable terraces 
built appai'ently lor purposes of agriculture. In geneial they are 
from 20 to 70 feet long and 2 or 3 feet high. The commonest location 
is at right angles to the nimor ch amage Imes, each little swale being 
broken into terraces with a width of from 20 to 30 feet In some 
cases the spaces between the swales are also terraced, the terrace 
walls m all cases bemg composed of pebbles and cobblestones I 
seai’ched caiefuUy for pottery, but succeeded m finding only one or 
two coarse bits, quite in contrast to the abundant potsherds which 
occur not only among the foundations lower down the valley, but 
along the borders of the alluvial plain The only other works of 
man among, the terraces oi'e some small atone circles, like the beds 
where the modern Indians cook the yucca to make the drink known as 
mescal, and a low round structure of bowldem The whole hiilsido is 
almost exactly like hundreds in Palestme, Syria, and Asia Minor, or 
like othei-s in Mexico and South America Even the little round 
structure, about 7 feet in diameter, 'With its small ‘doorway, suggests 
the watchmen’s shelters in tlie terraced fields of S 3 'ria There can 
scarcely be, any doubt that the terraces were designed for agriculture. 
Appaiently they were not mtended for irrigation, for they are not 
properly arranged for this, nor does there appear to be any available 
source of water. They must have been intended for dry farming. 
Three or four miles do-nii the valley, near the mam village, a few simi- 
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lar terracea occur on a gravel slope east of the ruins and' far above 
any available sup])ly of water, so that heio, too, dry farming appears 
t(j have bosii attempted 

Prof Forbes of the Arizona Experiment Station, as has already been 
stated, says tliat dry farnamg is not now practicable m Arizona except 
by moat carelul and expensive methods of plowing and harrowing 
continued for two years in order to get a single crop. The teiTftoed 
slope m the upper Rincon Valley, because of its proximity to the 
mountains, undoubtedly receives moie lam than do many ports of 
the country Over on the east side of the neighboiing Santa Rita 
Mountains at an elevation considerably greater than that of our 
toil aces, potatoes have been reported as grown without irrigation, 
but mquiry shows that they are wateied naturally by sprmgs seeping 
out above them In the same region, at the mouth of Gai'dener’s 
Canyon at an elevation of 5,000 feet, four or five settlers took up 
land and attempted real dry faiming m 1909 The elevation is 
sufficient to insure moderately cool weather, and hence less evapora- 
tion than m the parching plains The ramfall during the summer 
season of 1909, as measured at the Empne ranch, not far away, 
amounted to 9 .39 inches as agamst an average of 7 93 for the preced- 
ing 16 years. Nevertheless, the corn of the settleis failed utterly, 
and the beans, the most reliable of all crops, gave so scanty a return 
that the farmers were completely discouraged In the absence of 
records we can not say categorically that crops might not be raised 
on the ten aces at Rincon We can merely say that nothmg of the 
kind has succeeded in this part of Arizona hitherto, and that m April, 
1910, we found the teiraces with no moic sign of fresh vegetation 
than wa.s apparent on the surroiindmg dry plains. 

Apart from the iimnodiate question of the possible climatic signifi- 
cance of the ten aces, they arc important in anothor aspect Man- 
Idnd rarely laboia except uncloi the compulsion of some strong force 
such as hunger, fear, oi ambition. The ancient Hohokam would 
scarcely have gone to the labor of malang the terraces without some 
good motive The obvious agiicultural character of the terraces 
precludes the possibihty of any religious significance, as does the 
fact that elscwheie such terraces are found closely associated with 
religious stiucturos from wliich they are clearly differentiatad 
Defense apparently had nothing to do with the matter, for there 
seems to be no fortress neai' at hand, the terraces are in a decidedly 
undefonsible location, and they are not protected by watla. The 
only adequate explanation would seem to be the need of more abun- 
dant areas of cultivation. Probably the Hohokam of the Rincon 
Valley found that the limited amount of land m the bottom of their 
narrow valley was not sufficient for their needs Therefore, having 
somehow learned the art of maldng terraces as practiced in other 
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parts of tho and southwest or in Mexico, they built a considerable 
number, partly close to tluim mam villaiio, but chiefly on a slope of 
especially favorable location This in itself may soem. of small 
importance, but it is significant as indicating that probabty tho 
population was decidedly <lonsG Had thcio been abundant unused 
UTigable land either in the Jhmeon Valley oi in noighboimg regions, 
the Hohokam would scaicoly have gone to tho laboi of budduig tei- 
races, Hence wo infer that the population of tho country as a whole 
was as dense as is indicated by the abundant lums 

Tho preceding pages have heen devoted to tho desciaption of the 
phenomena of a single valley m southern Ai-izona That valloy was 
not chosen because of tho strength of its evidences of climatic changes, 
but meiely because it happened to bo tho fu.st which I investigated 
and the one where I spent most tune Half a dozen otheis nught 
have been chosen equally well The same type of phenomena is 
displajmd with equal clearness ni tho Altai Valley of northwestern 
Mexico, in tho Chaco Valley, 500 miles to the northeast, m the north- 
wes'\;ern corner of the State of New Mexico, and in numerous valleys 
between the two, and m the regions round about Further details, 
however, would overcrowd this article and we must hasten on to 
consider another phase of the subject 

PART II THE SUCCESSION OF CIVILIZATION 

Thus fai wo have dealt solely ivith the question of whether the 
chmato of the past was differont from that of the pioscnt Having 
concluded that theru is strong cvidenco that this was the case, wo 
shall now attempt to ascertain whothei the change from the past to 
tho piGsent took placo gradually or in pulsatory fashion, and whether 
its various phases synchronize with similar phases m the Old World. 
Tho first evidonce on this point is derived from alluvial terraces and 
lacustrine strands, and pomts distinctly towaid pulsatory changes, 
but gives little clew to then’ dates Coming to man’s works, we find 
that a broad view of the rums of the southwest seems to show that 
they belong to at least tlmee periods. Dm’ing each of these periods 
the area capable of cultivation appears to have been more extensive 
than at present, although only slightly so in the last period. In the 
middle period the arable area was larger than in the last, and in the 
earliest still larger. The last penod dates back only to Spanish 
times. The best example for discussion here is the rums of Gran 
Quivh'a in central New Mexico. These ruins he on the top of a 
rounded hill about 200 feet above a broad open valley draining 
toward the south and a male or more in width. Tho altitude of the 
re^on is over 6,000 feet, so that tho temperatui'o is comparatively 
low. The rums consist of two distmet por+ions, Pueblo and Spanish, 
covarmg an area about 700 by 350 feet All the buildings were con- 
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structed of rough rectangles of light gi'ay limestone, whoso character 
is such that long and aiduous work would be roquu'ed to got it out 
in largo quantities without the aid of explosives Inasmuch as the 
vilbigo was evidently built long before the commg of the Spamards, 
we must assume that the Pueblos, oi then predecessors; put them- 
selves to a vast amount of labor in the process of quarrying, aquaiing, 
and transpoiting the stones of then numerous houses Many of the 
dwellings were of two stones, and the height of the heaps of rocks 
makes it probable that some woio of at least three stones The 
rooms ai’o all small, as is customary m this region, the majority not 
exceeding 7 by 9 feet The exact number of rooms has never been 
counted, but if we assume that only Indf of tho 5^ acies covered by 
the ruins was actually built upon, and that the rooms, mcludmg the 
walls, had an average size of 10 feet by 10, there must have been 
about 1,100 rooms on the giound flooi Tho uppoi stones may be 
put at 400 rooms, although the actual number was probably two or 
three times as groat This gives 1,600 rooms as a low estimate, 
which would nioau at least a thousand people 
When tho Spaniards came to the coimtiy at the begimiing of the 
seventeenth centuiy, the village of Gran Qmvira was evidently one 
of the most important m the distnct Othenvise the canny fathers 
would not have built here one of then largest missions Possibly a 
portion of the village was in ruins, and the rocks from it may have 
supplied materials for the largo church with walls 5 feet thick and 
for the other structuiea which the Spaniards erected Nevertheless 
the number of natives must have been considerable. The beginmng 
of the Spanish regime here, as in the rest of New Mexico, appeals to 
have been highly peaceful and prosperous Its end, so far as Gran 
Quivu'a is concerned, seems to have come at the time of the Pueblo 
rebellion, which culminated m 1680 Since that time the site has 
been left as a center around which a multitude of traditions have 
gathered One tradition asciibc.s its destruction to an earthquake, 
another to a flow of lava bui'.gting forth some miles away, and stili a 
third spealcs of a rivei winch has now disappeared 
The truth seems to be that there is no vdlage now at Gran Qmvira 
because tliorc is no water and the land is too dry' for successful culti- 
vation except in years of good rainfall A ranch is located in the 
valley below the mins, but it is not permanently inhabited, although 
a Utile cultivation is earned on Settlers have recently taken up 
land 10 to 15 miles to the north, but are having a very hard time. If 
the rainfall is propitious they can exist, but m 1909 none of them 
rai.=od enough to hvs on It scarcely need be added that all depend 
u])on de('ii weUs for water. So fai’ as we can gather, the Pueblo' 
liiduma, li!.(‘ then' Hohokam predecessors, kney nothing of lime or 
mortar and had no facilities for making water-tight eistorns They 
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had from 8 to 20 rooms, and must have been inhabited by more than 
one family. Therefore m oui' 7-miIe dinve thi-ough the open, park- 
like forest we must have found withm sight of the road the dwellings 
of approximately a hundred families It would be a populous 
farmmg distnct in any part of England where one could find a himdi’ed 
families on 7 miles of road We can not, of course, assume that abso- 
lutely every one of these houses was occupied at one time, but it is 
not at all probable that any large number were vacant at a tune when 
new ones weie bemg built Well-squared blocks of stone must in 
those days have been too valuable to permit of thou* bemg wasted 
when new houses were to be built Even in these days when metal 
tools and explosives make it easy to quaiTy new stone, and when the 
population IS much less dense than formerly, the great rums of 
antiquity m western Asia are in constant danger of being utterly 
46fttroyed by the natives, who carry away the stone for use in new 
houses In the days of the Pajaritaus, when the blocks of stone had 
to be hewn with stone axes and earned from the quairies in the 
canyons on the baclrs of men, or rather of women, wo can scarcely 
believe that the people were so extraordinarily industrious oi- so 
superstitious that they would leave good stones m ruins close at hand 
and go to the labor of dressing new ones. Therefore we believe (hat 
at the height of the prosperity of this region the site of practicuUy 
every nim was occupied by an inhabited farmhouse. 

These scattered httle iniins, almost unnoticed even by the arclic- 
ologist, present one of the most interesting pieblems in Am eri. i.n 
archeology. The potsherds fomid in them are of a thfferent ty['C 
from those foimd in the larger Aullages or in the majority of the ( hil 
dweihugs immediately around them The pottery of the farms, as 
Mr. Chapman pomts out, is almost wholly a fine-grained ware paimcd 
white and adorned with geometiical designs in black In the larger, 
more modern luins, however, only a little of tins is found, while iho 
commonest lands are a coarser white ware with more abundant cmu’c-. 
in the designs, and a wholly different type of red ware nd; •rued with 
black figures painted with a species of glaze Thest' diircumcpa, 
coupled with other evidence such as the manifestly gT'caier age of 
the small isolated ruins, show that here, even more pl.iinly ihan ni 
the Chaco region, we have to do ivith two occupation'^ .is d:-ij -ct 
from one another and from the later and fai less oxteusivi' Piu'ijlo 
occupation of the countiy as are the modern American ami 's]'iinhK 
occupations The fii’st inhabitants spread far moie widel^v ihi.u 
their successors They seem to have felt no need of bcinir ncai i,hc 
main soui’ces of water nor yet of gathering together th(' jarcr 
people did in places which could easily be defended I'I/t a lontr 
period biforo the advent of the enemy, which finally disuliici-d thorn, 
their hve-i were fri’o and oomfortable in their high forest homes 
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How or wh}" they vanished is as imlaiown to us as is then' ongiu, but 
pel chance wo shall loam tho stoiy httle by little It will not be a 
story of peace and monotony, for those aro not the conditions which 
prevail when a race comes into u country, nor when it is forced out. 
We can scaicely doulit that stnung tunes took place — raids, plunder, 
repeated invasions, groat distress, and the final disappearance of one * 
typo of cmlizataoii and il.s repluceraont hy another And this painful 
piocoss of a change of civilization took place not once alone, but at 
least twice Foimcrly the chff dwelleis who bruit the compact 
villages lilfo Tuyoni and Pueblo Alto were supposed to have been of 
the same race as tho modern Pueblo Indians, but now we know that 
this is not true. Possibly, nay probably, tbo modern Pueblo is 
related to tho second or village-buihhng type of ancient inhabitants, 
whom wo may cull Pajaintans in distinction fiom tho stdl older type 
who may, perhaps, bo classed as Ilohokam, but the relationship is 
not close The bones of tho dead, exhumed after centuines, tell 
sometlimg of the talc Tho nindein Pueblo Indian is brachycephalic, 
according to T)r ITrdlkka, his head is i datively broad, as anyone 
can tell by looking at him. Some, however, aie dohcocephahc, with 
long heads, but those are ui a minoiity. The present Indians are 
cleailv of a uiLxed raeo Then piedoccssois, on the contrary, were 
of a pm’e race, predominantly long-headed, hke oui selves Thciefore 
we infer that they were conquei od by mvadmg broadheads, and that 
finally the invading broadheads and as many of tho longheads as 
had neither fled nor perished became amalgamated into a smgle race. 
Perhaps the ancient farmers, the mediova] villagers,' and the modern 
Pueblo Indians were not the only races which have passed acioss 
the stage of history in the prelnstonc days of America In other 
parts of the Southwest fault glimmonngs ore seen of still other cul- 
tures, which show that change and movement have been as charac- 
teristic of the ancient history of America as of that of Europe and 
Asia 

The dates of the tlrrce t 3 qres of civih’zation of which we have found 
evidence can not well be doteimined Di Hewoit behoves that the 
traditions of the Pueblos may bo relied upon as showing that it is at 
least 800 yeai's since tho villages of tho Tuyoni type were occupied, 
but he attempts to assign no exact dates One point, however, may 
heie bo emphasized In Asia, as I have shown in “The Pulse o£ 
Asia,” and more fully in “Palestine and its Ti’ansformation,” we 
have evidence which'suggests that each of the chief dry epochs has 
been characterized by great movements of peoples. The first such 
movement whose date la well defined was about 1200 B. C At that 
time the ancestom of the Greeks came into their peninsula, the 
Hebrews entered Palestine, the Aramaeans from Arabia spread out , 
into Babylonia and all the neighbormg lands, and Egypt was over- 
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whelmed by invaders from both the Libyan and Arabian, deserts. 
The next great penod of aridity culminated in the seventh century 
or thereabouts Its approach was marked by the baibarian mvasions 
of Europe, and its culmination by the ilohammedan outpouring 
from Arabia Fmally, the third of the more important dry epochs 
’reached its clunax m the thirteenth century A. D , when the hordes 
of Ghenghis Khan ravaged Asia fiom China to the Meditenanean. 
Besides these more intense periods of aiidity there socni to have been 
others of minor importance, but these need not hero be considered 
The history of Asia durmg the last 3,000 years thus consists of three 
mam epochs of moist climate and advancmg civilization, separated 
by epochs of aridity and declimng civilization accompanied by 
migiations and wars. In comparing Amenca with Asia it is interest- 
ing to find that in the drier portions of the Western Hemispheie we 
also have three mam periods of prosperity and appaiently of abundant 
precipitation sepaiated by epochs of docluie and depopulation 
Perhaps the ancient farming population of Ameiica, the Hohokam, 
may date from the period of moist climatic conditions at the time of 
Chiist and earlier Them disappearance may have been due to the 
aridity of the period which culmmated in the seventh or eighth cen- 
tiuy. Then the village people, the Pajaritans, may have flourished 
m the Middle Ages, and may have been ousted by^the twofold disaster 
of prolonged drought and fierce invasion which would have come to 
Amenca about 1200 A. D if conditions here were like those of Asia 
And, finally, the occupation of places like Gran Quivira by the modern 
Pueblo Indians may have been made possible by the propitious con- 
ditions of relatively abundant ramlall which followed the aridity of 
the thirteenth century I do not advance this as more than a worlcmg 
hypothesis, but as such it may suggest various Imes of research 
hitherto neglected 

PART III THE EVIDENCE OF THE TREES 

The evidence of climatic changes thus far presented probably seems 
much more conclusive to the writer than to the reader. I am well 
aware that when the name of an author once becomes identified with 
a theory his follow workers are apt to discount his results They 
know that a man is prone to find what he looks for, and that when 
certain facts are capable of two or more equally plausible explanations 
he is likely to choose m accordance with his preconceived ideas rather 
than according to the weight of the evidence. In searching for some 
method whereby this danger might be avoided I found no success 
until an article by Prof A. E. Douglass, of the University of Arizona, 
appeared m the Monthly Weather Review for June, 1909, under the 
title "Weather Cycles in the Giowth of Big Trees.” 

85860“— SM 1912 27 
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Pi’of Douglass there shows that in dry regions the thickness of the 
rings of wood formed each year vanes so closely m harmony with 
climatic conditions that it raaj’’ be used as a measure of the climate of 
the past Taking about 20 sections of trees from two to five hundred 
years of age, ho made micrometer rcadmgs of the thickness of each 
mdividual rmg, and thus obtamed the average growth for each year * 
As a result he finds that the curves of growth and of rainfall for the 
40 years or so smcc records are available present a marked agreement 
Manifestly, then, the curves of growth may be used as a means of 
deiorminmg the rainfall in periods long antecedent to any human 
records Douglass has so used them, and his analysis hidicates 
cycles of precipitation with a periodicity of 11, 21 2, and 32.8 years, 
a result which agrees with the cycles indicated by records of i ainf all. 
He did not attempt to mvestigate larger cycles, nor to determine 
the relation of the climate of jienods separated by hundreds of years 
Obviously this is possible, and it needs only an expansion of Douglass’s 
method and a study of the sources of possible error to enable us to 
come to deliuite conclusions as to the nature of the climate at any 
time back to the youth of the oldest available trees 

Durmg the year 1911 I began to make use of the method of Prof. 
Douglass and obtamed some most mterostmg results. In the fii'st 
place, Prof IT. S Graves, Forester of the United States Forest 
Service, most courteously placed at my disposal several thousand 
“stem analyses,” or measurements of the nngs of trees by the members 
of has bureau in various paits of the United States. In the second 
place, I wont to California on behalf of the Carnegie Institution, and 
with several assistants made similar analyses of 451 of the “Big 
Trees” or Sequoia wasinngionmna of the Sierra Nevadas. 

' Let us fii’st ascertain what may be learned fiom a study of the 
trees of New Mexico which giow m the mountams close to the ruios 
wluch we have hitherto been considenug The courtesies of the 
Forest Seivice have included not only the placmg of a large number 
of stump analyses in my hands by the chief of the bureau, but also 
some most helpful compilations by other members of the seivice. I 
am especially indebted to Mr. A. B. Recknagel, chief of silviculture 
at Albuquerque, N Mex , who has gathered a most valuable series 
of statistics for the yellow pines of that State, and has mosi gener- 
ously allowed me to use them. His data are based on 645 tiees from 
four of the United States forest reserves, scattered in such a way 
that they have approximately the same distnbution as the ruins 
with which we have been deahng. In general, however, they lie at 
greater altitudes than the ruios, m the portion of the yellow-pine 
area where the tiees grow best and where they are neither at the 
lower limit so as to be especially liable to ui]ury by drought nor at 
the upper limit so as to be especially liable to mjury by excessively 
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low temperature or long winters Moreover, they were not selected 
with a view to any special chaiactenstio other than age AU the 
available analyses of trees over 200 yeais of age were used, and to 
them weie added an appioxunately equal numlier of youngei trees 
in oidei to afford fan compansons 

From Iili Recknagcl’s figuies I have computed how fast the aver- 
age tree giows duimg the first, second, and thnd decade, and so on 
to the end This shows that the average tree grows 0.46 inch duiiiig 
the fiist decade of its hfe, 0 53 dmmg the thud, 0 40 m the twelfth, 
and only 0 23 m the tlnrtieth Obviously, if we aie to compaie the 
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chmate of different periods durmg the hfe of the tree, we must elim- 
inate the differences due merely to the fact that the tree has giown 
older Another conection must also be apphed A study of Mi'. 
Recloiagel’s figures, as well as of many others, show's clearly that if 
a tree is to hve to old age, it can not grow fast m its youth. That is, 
if we take a large number of trees 00 as to obtam aveiages, the tree 
which' grows faster than the normal rate m its youth dies at less 
than the average age, while one which grows abnormally slowly 
stands a good chance of hving to an exceptional age, provided- the 
slow growth is not due to disease. These two types of correction 


are jJtsrely mathematical, and do not depend npW the individual 
judgment of the in-vestigator. While he is •workmgXoub the calcula- 
tions he can not have any idea of the exact resultsXjvhich wiU be 
obtamed; nor can he make the results fit one theory\rathor than 
auo%er except by willful manipulation. ^ 

T'be accompanying diagram, figure 1 (p 407), shows the results ofMr. 
Ucclaiugel s iico analyses when computed accordmg to nhe method 
here described The horizontal lines indicate the course of time 
.from 1590 to 1910 A. D. The height of the curves indicates the 
relative rate of giowth of the trees at any particular dat^‘ Figure 1 
is given simply as an example to show the effect of the ■corrections. 

It is based upon the 50 oldest trees, winch began groivil'^ fit nci'oda 
ronghig from 1460 to 1590 A. D The uppei dotted hi^fi indicates 
the actual average rate of giowth of these 50 tiees without any cor- 
rection whatever. The lower dash hne is the same curr'e after the 
correction for age has been apphed— that is, aftoi aUowaiice has been 
made for the fact that young trees grow faster than old* The solid 
line shows what happens to the curve when the correction for lon- 
gevity IS added to that for ago — that is, when aliowancti la also made 
for the fact that dunng their youth trees which aie to l‘ve to a great 
age regulaily grow more slowly than the normal late, 

Turnmg now to the interpretation of the New Mexican curve, we 
find a smjnismgly close agreement with our conclusions based on tbo 
evidence of terraces, archeology, and history Before gomg on to 
discuss the matter I would emphasize the fact that t^iese conclusions 
were aU reached before the trees had been iavestigatjed They have 
been set down above exactly as they were reached) at a period of 
from 15 to 5 months before any examination of the trees was made. 

, The importance of this lies in the fact that the agreement of the 
mathematically derived tree curves with the conclusions derived from 
entirely different methods fumishes the strongest possible confirma- 
tion of the accuracy of those methods as employed both in America, 
Asia, and southern Europe, From the rums of Gran Quivira, it will 
be remembered, we concluded that at the time of the Spanish occu- 
pation of New Mexico m the first half of the seventeenth century 
chmatic conditions were distinctly more favorable than at present. ‘ 
About 1680 the rums of Gran Quivma seem to have been finally 
' abandoned at the time of the Puehlo lebelhon During the succeed- 
ing centuvv conditions appear to have been somewhat better than ' 
duviTiir ilie niio that ended in 1900, as appears probable from the rums 
of Buz'uu. rud one or two other places not here mentioned The 
curve of thei trees points to exactly the same conclusion. One reason 
why the Spaniards were able to establish themselves in New Mexico ' 
almost without a blow may have been that from 1600 to 1645 thci ' 
amount of rain and the general conditions controllmg the growdh of 
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vegetation were more and more favorable Places like Gran Quivii’a 
were readily habitable and were growmgly prosperous so far as their 
prosperity depended upon good ciops Under such circumstances 
the Ignorant Pueblos would naturally look upon the coming of the 
Spaniards as a blessmg A decrease m ranifall begms to be apparent 
about 1645, but it is unimportant at fii’st because the amount of 
growth of the trees, and miphedly of the crops, continues to be well 
above the normal until about 1G65 Thereafter a rapid deterioration 
takes 'place, winch cuhninates about 1680 or soon after. At that 
very tune a widespread uprising took place agamst the Spaniards, the 
Pueblo icbellion, which ousted the Euro])cans foi some years Fam- 
ine must have picvaileil as the clmiate became ehiei, and the distress 
occasioned would almost surely lead the Indians to ascribe their mis- 
fortunes to their conquerois Curiously enough a document has just 
come to light which confirms onr conclusion as to famine. I am 
mdebtod to Jtir E. E Free, of the Bureau of Soils of the United States 
Department of Agriculture, for calling my attention to nn account of 
an old census given by kli J W Curd, in the El Paso Times. El 
Paso, although in Texas, hes almost at the middle of the southern 
boundary of New Mexico The census is dated September 11, 1684, 
and contams a list of 109 Spanish famihes living neai El Paso It is 
signed by the Spanish governor "While, the document is nothing 
more than a dry and unmterestmg census roll,” to quote Mr. Curd, 
"it is filummative of the temble devastation and 'iifiering iliid re- 
sulted fi-om the Indian revolt in 1680 This revolt di'^tro-' cd somi* 42 
presidios and missions ni New Mexico north of El Pa^io and thi' lem- 
nant of Spaniards and friendly Indians took refuge m ( i‘iiHh'l>ipe ilei 
Passo (El Paso). Wlnle the IVIission Guadalupe v. a-:i a iicb one. and 
additional supplies were forwarded from Mexico t it c l be people siill 
suffered from lack of clothing and food The cen^u-, shots ■. t'Jou. what 
crops weie planted that year consisted only of maize, whieJi, owing to 
drought, was an ahnost total failure What maizr' was gi own was 
eaten green, so theie was no supply for wniter.” i( is not heie pos- 
sible to caiTy the matter further The curve speak-. I'or um If Mter 
1680 conditions appear to have unproved; the eiglueenl h ceniury w as 
a period of less ramfall than durmg the tune of ilie (mly Spiuii-h 
occupation, but of more than the last century 
The Bequoia washingtomana of Cahlomia is th'* largt st .-ukI pvidia- 
hly the oldest known tree Durmg the summer of 1 91 1 i v. as, able io 
make measurements of 200 stumps, which ranged from 0 to 25 feet in 
diameter, and from 250 to 3,150 years m age Thiei' weio o\ei 3,000 
years old, and 40 began to grow 2,000 or more v.’ais ago DurLog 
1912j 251 more were measured, 39 being over 2,000 1 eai'i. of ai^e The 
result of the tabulation and calculation of these 451 iice-s is shown 
m figure 2 in this article. The sequoia gi’ows in a legiou which is 
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clunatically suuilar to New Mexico, except tiat it is colder and has no 
rainy season in summer Long, snowy winters and rams continuing 
well into the dry summer are the conditions which favor growth. 
The curve of the sequoia has been computed m the same way as that 
of the other trees The poiiod covered by the growth of the trees, 
however, is so groat that the number of trees whose analyses are now 
available is not enough to give certainty to the corrections Accord- 
ingly, after obtammg a curve corrected as accmately as possible both 
for age and longevity, I have tilted the whole hue slightly m order 
to make the relative height at tlu'ee or four fixed pomts correspond 
as nearly as may he with the height of the Caspian Sea at the same 
dates. This, however, has no effect upon the smuosities of the curve, 
but merely upon the exact amount by which the earher parts are 
higher than the latei. Before we pioceed to discuss the cui\e a word 
or two of explanation may be added d’ho hoiizontal Imes indicate 
the growth in nullimetei's per decade The extreme fluctuations of 
the early part of the curve give an exaggerated idea of the variability 
of the climate at that tune This is due to the small number of trees 
available Wlion more have been measured the oxii'cmely sharp char- 
actei of the depressions and hollows, or of the .arses and theses, as I 
have elsewhere called them, will disappear 
Examination of the curve shows that the chmate of the mtenor of 
California has been subject to marked pulsations during the past 
3,000 years For instance, at the tune of Chnst the tree grew 30 
per cent faster than at the end of the fifteenth century Practically 
aU the tiees at the lattei date weie of large size with thoroughly 
developed root systems, and ivith a vast supply of strength stored up 
from the past. Moreover, they were growing high among the moun- 
tauis where the sui)ply of ram and snow was largest, and many of 
them weie standing m swamps oi beside brooks If they could be so 
affected by drought as to show a dociease of 30 per cent m the amount 
of giowtli, other less favored plants must have suffered much worse. 
It IS noticeable that m goiieial the trees recover rapidty after a period 
of aridity and then fall off more slowly as another dry tune approaches 
This is impoitant as an indication that climatic changes from dry to 
moist take place lapidly, while those m the leveise duection aro slow 
It' bears also on another pomt It may be suggested that the inequali- 
ties m the cuive aro due to accidents such as fi.re 3 In the first place, 
this is not probable, since the 451 trees were located in four different 
areas with a distance of 60 miles between the extremes and with high 
mountains and deep valleys mtervenmg The rapid rise and gradual 
fall of the curves, however, disproves any such supposition. An acci- 
dent, such as a fire or anythmg else, would suddenly cause the trees to 
gi’ow slowly, after which they would gradually recover, whereas the 
actual case is the reverse of this. 
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In figure 2 I iiave added a dotted 
hne This is the approximate curve 
of climatic pulsations m Asia as given 
in “Palestme and its Transfoiina- 
tion ” The two cuives disagree ni 
' certam places, hut on the whole they 
are ui harmony The disagreements 
may be due to the absence of data m 
compihng the Asiatic curve, for in- 
stance, between 1200 and 1000 B C. 
I had no data whatevei, and hence 
merely drew a sti aight hue In olhci 
cases the fact that indications of aiid- 
ity happened to be especially well pre- 
served at a certam time, such as the 
seventh century of our era, may have 
caused me to cany the Asiatic cuiwe 
lower than was justifiable It should 
be noted, howevei , that in the fully 
corrected sequoia curve the lowest 
point of all in the seventh century 
A D. falls at the same time as the 
lowest point m the Asiatic curve, a 
significant agreement Moioovei, 
the longest almost continuous declmo 
anywfhere appaient m the California 
curve IS from the time of Chiist to the 
middle of the seventh centuiy The 
greatest disagreement between the 
two Quiwes is found about 300 A D, 
Whether theie actually was disagi ce- 
ment at that tune, or whether I have 
made a mistake m the Asiatic curve, 
I shall not here attempt to discuss. 
In general it may be said that the 
three noticeable depressions m the 
Asiatic curve, namely, 300, 650, and 
1200 A. D., are possibly all exagger- 
ated because special events due ap- 
parently to mcreasing andity hap- 
pened to culminate at those particu- 
lar epochs 

In spite of certain distinct disa- 
greements, the most noticeable fact 
about the curves is their agree- 
meiii- Take the epoch centering 
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at the time of Chriat, for example, or those -svhich center 1000 or 
1600 A. D The agieement is so close that it can scarcely be a 
matter of chance Further discussion of the subject must be deferred 
for the present. We can here merely sum up the main conclusions. 
The study of the trees of New hlexico and Califorma hi the first place 
seems to confirm the conclusions derived from the ruins and physi- » 
ographic evidencea found m the drier parts of North America. 
It thus shows that the methods upon which those conclusions are 
based aie sound, and that the losults derived from such methods 
whether in America or Asia are vahd In the second place, the trees 
confirm the theory of pulsatory climatic changes They apparently 
show that the chmate of the caith is subject to pulsations having a 
period of centuries. In the third place, the lato ol growth of the tiees 
indicates that hi the distant historic past the moist epochs were on 
the whole moister than the similai epochs in more lecent times 
Foufth and last, we are led to conclude that the mnin climatic 
changes of America are synchronous with those of Asia and are of 
the same kmd This does not mean that changes in tropical countries 
are hke those in the Temperate Zone It does mdicate, however, 
that in the temperate continental regions of the woild, m both the 
eastern and western hemispheres, periods of exceptional andity 
or of exceptional moisture have occurred at approximately the 
same time, and have sometimes lasted for centuries Hitherto this 
point has been open to question, and therefoie histoiians and other 
students of man have been skeptical as to the possibility that chmatio 
changes could have been of sufficient importance profoundly to 
influence history. With the fuller application of the methods here 
discussed, we shall soon be able to determme the exact nature and 
degree of climatic changes throughout historic time, and then w© 
shall have the basis for a true appreciation of their effect upon history. 



THE SURVIVAI. OF ORGANS AND TIDE “CULTURE” OF 
LIVING TISSUES! 


By R Lbgendeu, 

Prepat ator of Zoology, National Museum of Natural History, Pans 


[WiUl 4 pUtes ] 

The Nobel prize in medicme foi 1912 lias just been awarded to 
Dr Alexis Carrel, a Freucliman, of Ijyon, now employed at tlie 
Rockefeller Institute of New Yoik, foi lus eiitme work relatnig to 
the suture of vessels and the tiaiisplaiitation of organs 

The remaikable results ob tamed m these fields by various ex]jeri- 
menters, of whom Can el is most widely knowui, and also the wonderful 
applications made of them by certam sui goons have already been 
published m La Nature (No. 1966, Jan 2S, 1911). 

We will not repeat what has been said conceinuig these researches, 
but we will take the occasion of fhe awaiduig of the Nobel prize to 
mention other biological studies m which Di Cairel has been 
engaged 

The lournals have frequently spoken lately of “cultures” of 
tissues detached from the oiganism to -which they belonged; and 
some of them, exaggerating the results aheady obtamed, have 
stated that it is now possible to make hvmg tissues grow and mcrease 
when so detached. 

Havmg given these subjects much study I -wish to state here 
what has already been done and what we may hope to accomphsh. 

As a matter of fact we do not yet know how to construct hvmg 
cells, the forms obtained with mineral substances by Errera, Ste- 
phane Leduc, and others, have only a remote resemblance to those 
of life; neither do we know how to prevent deatli, but yet it is 
interestmg to Imow that it is possible to prolong for sonic time the 
life of organs, tissues, and cells after they have been removed from 
the organism 

The idea of preserving the life of greater or lesser parts of an 
organism ocouried at about the same time to a number of persons, 

‘ Tianalfttsd liy psriulssioa ftam Ua Natuta, Satia, No. 2058, Nov. 2, 1912. 
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and tliougli ilie ends in view have been quite different the investi- 
gations have led to essentially similar results. The surgeons, who 
for a long time have transplanted various organs and grafted different 
tissues, bits of skin among others, have sought to prcuong the period 
during which the grafts may he preserved alive from the time they 
are taken from the parent individual until they are implanted either 



upon the same subject or upon 
another. The physiologists have 
attempted to isolate cextain organs 
and preserve them alive for some 
time m ordei to smiplify their ex- 
peiimonts by suppiessmg the com- 
plex action of the nervous system 
and of glands which often render 
difficult a proper niterpretation of 
the experiments. The cytologists 
have tried to preserve cells ahve 
outside the organism in more sim- 
ple and well defined conditions. 
These various efforts have already 
given, as we shall see, very excel- 
lent results both as regards the the- 
oretical knowledge of vital phenom- 
ena and for the practice of surgery. 

It has been possible to preseiwe 
for more or less time many organs 
in a living condition when detached 
from the organism The organ first 
tried and which has been most fre- 
quently and complotely investi- 
gated 13 the heart This is bec'ause 
of its lesistance to any arrest of the 
circulation and also because its sur- 


Fia 1 ~Ta 0 apparatus ot KronBoIcor for the s tudy 
of (ho haart of the fiogwheu removed from tho 
atumo) 6, c, Tubes ooutahitog deflbrlnatod 
blood, 4, cock for distribution of the same, 
T,eup containing tUo isolated hoai t Mod upon 
tho end ef a two-way canula, fii, cock upon an 
overflow tube conmivmloatiEg with a float nia- 
Epmetev. 


vival is easily shown by its contrac- 
tility. In man the heart has been 
seen to beat spontaneously and com- 
pletely 25 minutes after a legal de- 
capitation (Renard andLoye, 1887), 
and by massage of the organ its beat- 


ing may be restored after it has been arrested for 40 mmutes (Eehn, 


1909). The heart of the dog has been known to beat 96 hours after 


death, that of the tortoise for 8 days, and Butrows (1911) observed 
the heart of an embryo chick to beat for 3 days after its removal. 

By irrigation of the heart and especially of its coronary vessels 
the period of survival may be much prolonged. 
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The fiist experiments with artificial circulation in the isolated 
heart were made in Ludwig's laboratory and were improved by 
Kroneckcr (fig. 1), but they ivere limited to the frog and the inferior 
veitebratea The observation made by Arnaud (1891) of the heart 
of the rabbit, that of Hodon and Gilis (1892) on the he ait of a 
crimmal showed that that organ recommences to beat when defibri- 
nated blood is mjected under pressure into the coronary arteries, 
and this led Langendoift' (1895) to eft’ect the survival of the heart 
of mammals by means of artificial coronary cnculation Locke 
(1901) substituted for defibrmated blood an artificial seinim without 
globules Suice then expel imeiits on the survival of the heart 



Fiq 2 —The apparatus ol Pachon for the study of 11m survival ol thr isolated honrt of mauuuals T,roS6r- 
voir of oJiygen under pressuro, B, wator Ijatli assuring n oonstnnt temporaturo, R, A, H, regulators of 
the temirerature, T, il, thormomotor and mauoinoter tor tUo serum ut its entranoo Into tiia Isolated 
heart C, at the loft a cylinder for registering the contractions of the heart 

have multiplied and become classic Artificial circulation has kept 
the heart of man contracting normally for 20 hours (Kuliabko, 
1902), that of the monkey for 54 hours (Horing, 1903), that of the 
rabbit for 5 days (Kuliabko, 1902), etc It has also enabled us to 
study the influence upon the heart of physical factors, such as tem- 
perature, isotonia; chemical factom, such as various salts and the 
different ions; and even complex pharmaceutical products. Kuii- 
abko (1902) was even able to note contractions m the heart of a 
rabbit that had been kept in cold storage for IS hours, and in the 
heart of a cat similai'ly kept after 24 hours. 

The other muscular organs have naturally been investigated in 
a manner analogous to that which boa been used for the heart; 
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and for the same reason, because it can be readily seen whether or 
not they are alive 

The striated muscles survive for quite a long tune after removal, 
especially if they are preserved at the temperature of the body 
and care is taken to pi event then drying, By this method many 
investigations have been made of musculai contractions in isolated 
uiuacles, Landois has noted that the muscles of man may be made 
to contiact two hours and a hah after removal, those of the frog 
acid the tortoise 10 days aftci Recently Bunows (1911) has noted 
a slight mcrease in the mvotomes of the embryo cluck after they 
have been kept for 2 to G days m coagulated plasma 

The oigans supplied irith smooth muscnhir fibers also survive, 
at least 80 fai as legaid^ then niuscuhu coat, the small intestine 
shows peristaltic movements a long luno after the death of the am- 
mal; Cohuhoim, Magnus (l'.)O-i), and otheis iiave prolonged the dura- 
tion of this action by luitlmig the mtestine in defibrmated blood 
Recently, Carnot and trlenaid (1912) have studied digestion and the 
action of piu’gativcs m the isolated Bniull intestine ; Hedon and Meig 
have .sucot'ed('d m obtaining routiactions of the mlcstme 7 days after 
havmg placed it in cold storage Tlie stomacb, preserved by Hof- 
motster and Sclmtz at a temperatuie of 37“ C , m a moist chamber) 
showed regular peiiodic movements proceeding from the cardia to 
the .pyloras The largo intestine, mcludmg the rectum, exhibited, 
accordmg to Hedon and Fleig (1904), spontaneous rhythmic con- 
tractions after removal Fleig (1910) was able to excite electrically 
the msophagua of the rabbit after it had been kept m cold storage for 
12 days, the iihai^’ymx and cesophagus of the frog after 17 days. 

The ureter seems to be quite as iPbistant Mi&s Stern (1903) noted 
lis contractions in a solution of chlondo of sochnm; Hedon and Fleig 
(1904) in an artificial seiiun 

The uterus show.s similar pioperties (Iledon and Fleig, 1904). 
Kuidmowsla (1904) was able to preseivo the life of that organ when 
detached fiom the body tor 49 hours and 40 minutes, and succeeded 
twicG in .studying the mechanism of laboi m it when isolated 

Nonmuscular oigans may also suivive a removal from the parent 
organism, but the pi oofs of their survival aie more difficult to eetab- 
fish because of the absence of movements. Carrel (1906) grafted 
fragments of vessels that had been ui cold stoiage for several days 
upon the course of a vessel of a hvmg anunal of the m 

1907 he grafted upon the abdominal aoita of a cat a - ■ ■ o*' ■ > 

jiigulai vein of a dog removed 7 days previously, also a segment of the 
carotid of a dog removed 20 days before, the circulation was reestab- 
hshed normally, these experiments have, however, been criticized 
by Fleig, who thinks that the grafted fragments were dead and 
seived merely as supports and dnectors for the regeneration of the 
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vessels upon which they were set. In 1909 Carrel removed the left 
kidney from a bitch, kept it out of the body for 50 minutes, and then 
replaced it; the extirpation of the other Iddney did not cause the 
death of the animal, which remained for moio than a year normal and 
m good health, thus proving the success of the graft In 1910 Carrel 
' succeeded with similar expeiimonts on tho spleen. 

These last oxaniples aie quite too few to enable us to anive at a 
positive conclusion Scattered as they aie, not yet lepo-ated and 
checked by all the technical methods at our disposal, they furnish 
only an indication of tho possibility of tho suivival of organs as 
delicate as the spleen and kidneys foi some tune after lemoval from 
the body 

Even the neivous system is not exempt from preseivation outside 
of the organism. As early as 1S85 Laboide showed that in a human 
head severed from the body artificial circulation commenced 20 
minutes after the execution pioduced no movement, yet the ceiehral 
cortex lemained excitable by electricity for 60 minutes, m the case of 
another crmnnal cerebral oxcitabihty was preserved for 30 minutes 
without transfusion. In the dog, Loye observed the excitabihty to 
persist for 7 minutes, Brown-S^quard (1858) saw after 10 minutes 
spontaneous movements of the eyes and the face; Gutlnie, Pike, and 
Stewart (1900) with artificial ciiculation observed reflex movements 
for 19 minutes, the coineal reflex for 27 mmutes, respnatoiy move' 
ments for half an hour. In fishes Kuhabko preserved for several 
hours the activity of the neive centers by oiiculatuig an artificial 
serum through the head , lie observed that the centeis of the cerebral 
coitex lose their excitability moie quickly than those of tho spinal 
cord; in the lattei the respiiatory center and that for the regulation 
of the heart show different degiees of vitality 
In frogs it has been known ' since the time of Galvani (1781) that 
the hind legs of a skinned frog, connected by means of the sciatic 
nerves alone to a segment of the spmal cord, remained excitable for 
some hours. This very important expeiiment has been repeated 
many times and has led to very significant lesults' The discovery of 
the electro-motor property of muscular tissue and electric variation 
during its contiaction (Matteucci, Du Boia-Beymond, 1837-1843). 
After that, Tyschetzky (1870), Biedonnaim (1883), Gad (1884), 
Uschinsky (1885) preseiwed for some time the spinal cords of frogs 
entirely removed from the body, in ordei to study m them the 
effects of electiic currents Binally, quite leceutly (1907-1911), 
Baglioni and his assistants have succeeded in isolating the entire 
cerebro-spmal axis of the toad (fig 3, pi 1) and preservmg it alive 
for 31 hours and 35 mmutes m artificial senim. 

> Swaminerdam liad alrcadj In tho 60*1 ent-contJ) ceutin > a loot with Ua attaolacd ficlatia 

norve. 
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Taken altogether these experimenta show that the greater part, 
if not all, of the bodily organs aie able to suivive for more or less 
tune after removal from the oiganism when favorable conditions 
are furnished There is no doubt but what tlio obseived times of 
suivival may be considoiably piolonged when wo have a better 
knowledge of the serums that aie most favoiabia and the physical 
and chemical conditions that aie most advantageous 

If we can prcsoive the oigans, \\c may expect to also keep ahvo 
the tissues and cells of which they aie conpiosed Biologists have 
studied these pioblems, too, and have also obtamed in this depart- 
ment some veiy iiitciosting results 

The cells winch hve naturally isolated m the organism, such as 
the corpuscles of the blood and spermatozoa, weie the fnst studied. 
The red corpuscles of the blood of the triton have been preseivcd ahve 
in tubes for 8, 10, 12, and even 15 days and have multiphod by 
division (Jolly, 1903); the led corpuscles of the labbit preseiwod for 
12 days in cold storage (Fleig, 1910), then injected into the same 
animal or into an anmial of the same species, piodiiced in the uime 
no manifestation of globular destruction, which Fleig consideis as a 
proof that the coipuscles were livmg The white corpuscles, whose 
vitality is cleaily shown by their amoeboid movements, have been 
preserved wire f 01 12 days (Caidile), 21 days (Eocklmghausen), 
25 days (Ranviei, 1895), those of the triton aie still capable of 
movement after 4^ months of cold storage and those of the frog after 
1 year (Jolly, 1910) (fig. 4, pi. 1). 

Human spermatozoa have been obseived by Fleig (1909) to be 
actively motile m semen after being preseived for two or three days 
at a temperature of 15°. Semen kept in cold stoiago foi eight days 
and then rewaimed has also shown motile spermatozoa Ywanoff 
(1907) was able to pieseive in a suitable medium the speimatozoa of 
a bull at a temporatiue of 2°, with active movements for 13 days, and 
at the end of 24 houis obtained artificial fecundations 

The oiganized tissues have hlcewise been the obj’ect of numerous 
experiments. The cihated epithehum of the laiynx, trachea, and 
bronchi of mammals still vibiates 24 houis after death, Grawitz (1897) 
observed cihary movements m the nasal opithehum of man 9 days 
after its removal durmg a surgical operation. Weutchor (1894) was 
able to successfully graft a fragment of human skin 60 hours aftei 
its removal. Ljungren (1898) succeeded m doing the same after it 
had survived for a month. Grawitz (1897) was able to graft a 
fragment of the cornea of a rabbit removed 12 days previously, 
Pruss (1900) kept a fragment of cartilage ahve for 30 days. 

Smee 1910 experiments on the survival of tissues have multiplied 
and at the same time more knowledge has been obtamed concerning 
the conditions most favorahle to survival and the microacopioal ' 
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appearances of the tissues so pieserved In 1910 Han'isou, having 
placed fragments of an embryo frog in a drop of coagulated lymph 
taken from an adult, saw them contmuo their development for sev- 
eral weeles, the muscles and the epithehum differentiatmg, the nervous 
rudmients sendmg out into the lymph filaments smular to nerve 
fibers (fig 5, pis. 2, 3). Since 1910, with the aid of Dr Minot, I have 
succeeded m presenung alivo the nerve cells of the spmal gaugha of 
adult dogs and rabbits by placmg them in defibrmated blood of the 
same anmial, through which there bubbled a current of oxygen 
At zero and perhaps better at 15°-20°, the structuie of the cells and 
their coloiable substance is preserved without notable change for 
at least four days, moreover, when the temperature is raised again 
to 39°, ceitain of the ceUs give a proof of their survival by foming 
new prolongations, often of a monstrous character At 39° some 
of the ganglion cells which have been pxeseiwed rapidly lose their 
coloiabdity and then then- structure breaks up, but a ceitam number 
of the others form numeious outgrowths extremely varied in appear- 
ance. We have besides studied the influence of isotony, of agita- 
tion, and of oxygenation, and these experiments have enabled me to 
ascertain tho best physical conditions required for the sm-vival 
of nervous tissue. In 1910, Burrows, employmg the technique of 
Harrison, obtained results similar to his vith fragments of embryonic 
chickens Since 1910 Cairel and Burrows applied the same method 
to what they call the “culture” of the tissues of tho adult dog and 
labbit, they have thus preserved and even multiphod cells of car- 
tilage, of the thyroid, the kidney, the bone marrow, the spleen, of 
cancer, etc. Perhajis Cairel and his collaborators may be criticized 
for cafirng “culture” that which is merely a survival and for not 
havmg always distmgmshed between tho phenomena of degeneration 
and those of real suiwival, but there stiU remains in their work a 
gieat element of real interest 

In conclusion, I will cite a beautiful series of experiments, conduci I'cl 
by Magitot in 1911, which give a good idea of what practical results 
may he expected to follow from these researches. Magitot preseri'cd 
for 14 and even 25 days fragments of the cornea of the rabbit and v ns 
able after that to successfully gi-aft them upon the eye of another 
animal. Soon after he applied these results to man, after an enuclea- 
tion of the eyeball he removed the eye and preserved it in serum; 
seven days afterwards another man havmg presented himself who-e 
cornea had been injured and rendered opaque by a jet of quiekhmo. 
Magitot cut an aperture in his cornea and grafted there a fragment 
of the cornea which he had pieserved, and the graft succeeded per- 
fectly, the man havmg, aftei some tune, sufficient viaion to he able 
to go about. 
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Such are, too briefly summarized, the oxpoiiments which have been 
made up to the present tune. We can readily imagine the practical 
consequences which we may very shoitly hope to derive from them, 
and the wonderful appheations of them which WiU follow m the 
domain of surgery. Without going so far as the dream of Dr. Moreau 
depicted by Wells, smee grafts do not succeed between animals of 
difl’erent species, we may hope that soon, in many cases, the replac- 
ing of oigana wiU be no longer impossible, but even easy, thanks to 
methods of conservation and sm'vival which will enable us to have 
always at hand materials for exchange. 

The dream of to-day may be reality to-moirow. 

There are also other consequences which will follow from these 
researches, I hope that they will permit us to study the physical 
and chemical factors of hfe under much simpler conditions than 
heretofore, and it is toward this end that I am thiectmg my 
researches , They will enable us to approach much nearer the solu- 
tion of the old insoluble problem of life and death. What indeed is 
the death of an organism all of whose parts may yet survive for 
some time? 

These, then, are the researches made in this domain, fecund from 
cvoiy point of view, and the gieat increase in the number of experts 
who are taking them up, while it is a proof of their interest, gives hope 
for theii- rapid progress. 
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Fig 7 —One Cell of an Adult Dog’S Ganglion, Surrounded with 
Numerous New Extensions iLegcnorc and Minot 1911.' 



Fig 8 —Fragment of the Nervous System of the Embryo of a 
Chicken having Pushed Some Nerve Fibers into the Sur- 
rounding Plasma 



ADAPTATION AND INHERITANCE IN THE LIGHT OF MOD- 
ERN EXPERIMENTAL INVESTIGATION ^ 



422 ANNUAL EBPOET SMITHSONIAN INSTITUTION, 1912 

called natural aciences, which owe to tins method theii most wonder- 
ful advancement It was very late, comparatively spoalang, when 
the thought ohtaiued that similar results might he expected in natural 
liistory, and a few decades of tliis opinion have led to great results. 

I intend to-day to cover as far as possible, with many concrete 
examples, the facts wliich I brought before you in abstract form 
We would, however, gain very httle if I should attempt within the 
time at my disposal to touch upon all the branches of natural history 
to wMch experimentation has been apphed I therefore prefer to 
dwell upon only two leading questions viewed from the experimental 
viewpoint, and shall consider these in considerable detail. These 
are the old Lamarckian and Dainvinian slogans “Adaptation and 
inheritance ” In their reactions, wliich we wish especially to em- 
phasize, both of them become united in a single world-stirring prob- 
lem. Pure description and comparison could not give them their 
full meaning, they remained but empty terms, slogans, through 
which one was supposed to be able to explain everything, but which 
in truth possessed no explanation at aU, and were therefore discred- 
ited, especially through the critical examination to which they were 
subjected by the genial August Weismann The reaction between 
adaptation and inlieiutauce, or, differently stated, the transmission 
of characters acquired through adaptation, the emphasizing of these 
characters, and the evolutionary effect produced thereby upon the 
parent stem of the orgamsm, had scarcely any followers for a long 
time. It required and wih require many tedious and prolonged 
experiments before that almost abandoned study will be levived in 
improved form, stronger and better entitled to consideration We 
shall therefore, among all the problems of evolution, here confine 
our attention to adaptation and inheritance, but we sliaU constantly 
ho in toucli vuth that oilier large problem, that of reproduction. To, 
this we shall give equal consideration to asexual reproduction by 
simple fission (Paramaecium) ‘ or budding (worm Aeolosoma), the 
unisexual reproduction by parthenogenetic eggs (lower crustaceans), 
or close fertilization (higher plants), and even the bisexual reproduc- 
tiori through the union of ovum and speimatozoa of two distinct 
individuals, a male and a female (higher animals). 

On account of the manifold adaptations of which we shall learn, 
the foEowing problems of modem biology will be touched upon, 
namely, Embiyogenesis, or germ development, Eegeneration, or 
repented gvovtb (worm Lumbnciilus); Involution or Concentration 
(worm Aeolosoma; , Transplantation, or grafting (salamander, chicken, 
rabbit, guinea pig); Mendehan lEw (midwife toad); Intravitem 
stainmg, or coloring of Imng tissues (moth Tineola); Immunity, or 


> Tbn unmes of Uio oi ganlsms wliidi fuin i.,li dat a lor tlio problems of IWs lecture ere adOed In parontlieses 
to mote it easier to locate them in tbo proper plaeo 
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resistance against bacterial or other poisons (chicken, mouse, rabbit, 
inanl 

As is well l-cnown, many of the lower plants and animals multiply 
b.Y simple fission, and tho resulting elements attain in course of time 
the form and size of the parent Or they may multiply by hainiig a 
bud developmg on any part of tho bod^’-, winch m time assumes the 
form of the entiie parent oi animal upon which it is developed, 
usually separating from the. paient to load an independent existence. 
Multiplication of tins type by fission oi budding may occasionally 
occni in many lugher ammals oi plants, especially so when they have 
been injured by mechamcal separation, and each part possesses the 
power to regenerate the lost portion In this asexual repioduction 
we realize best that the offspring resembles tho paient, nr in other 
words that the peculiarities of the parent have been tiaiismitted to 
the offspring Wo even accept tliis when the paieuts have acquired 
new characters in their individual existence, for why should the 
pieces possess different characters than the matenal from wIucL 
they sprang unchanged ? 

Still, it is not nocessanlj'' tine that newly acquired chaiactei’s must 
appear in the progeny Metalmkow fed Protozoa with grams of 
carmine and India inlc. Although they devoured those indigestible 
particles at first, they nevertheless gradually learned to push them aside 
and to avoid them. But as soon as fission had lenderod the organ- 
ism into two daughter colls, those seemod to he ignoiant of tho indi- 
gestibility of tho carmine or India ink, for they devoured both greedily 
Leaving out of consideration the constituents or pocuharitiea of 
those elementary building blocks of hfo, the so-called ceUs, this simple 
experiment, recently challenged, it is true, by Schafei , demonstrates tho 
following fundamental facte- That even in lepioduction by simple fis- 
sion germplasm, which contains the inateiial for the next generation, 
must be distmguished fi’om the purely individual somnplasm, which 
perishes with the single example The bodily peculiarities, be they 
young or old, must be impressed upon the germplasm of the noxi 
generation m order that they may not become lost but may continue. 
With this, then, we state that asexual re])roduction does not difiVi 
as far as their prhiciples is concerned, from sexual reproduction. If 
wo find transmission of acquhed characters in ojgauisms wlin li 
multiply asexually, we may therefore attribute to them the same 
significance as m those which reproducie by the sexual methods, 
Jennings found curiously misshaped examples of a PrCtozoaii 
(the slipper animalcula Paramaecium, fig 1),^ in densely populated 
cultures, where there was a lack of food, 

JcTinings trau'^planted one of these from tho poor medium into one 
pre eiiliug fiivor.iljc cvmdiiioiit, fuid i’c'lk)W('d ilio progeni* through 

' 'J no l]f IIIVS :> l iODrO(' ,ri 1 in 2<l'lt 1 Ij ' 
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generations. In tho resulting products of this repeated division, one 
part was always norrtuJ while the other inlierited a hornlike pro- 
cess. There was considerable difference in tlie form end size of 
this process, as well as in its position; at times it appeared anteriorly, 
then in the middle or posteriorly, so that the progeny would obtam 
this process from the anterior or posteiior extremity of the parent 
From the nineteenth generation on, the process remained on the 
anterior end, assuming a peculiar function, the animal used it as a 
gliding shoe ami moved upon it on tho walls and bottom of tho 
container. 

While Jennings produced this horn like process thi'ough lack of 
food, McClendon produced the same by means of a centrifugal or 
rapid whirling of the Protozoan In the first following fission the 
daughter cells each possessed a horn Later, as in Jeimings’s ex- 
periments, only ono of the daughter cells was provided with a horn, 
the second one, bomg normal, gave rise to normal progeny only. 

Another new character, on the other hand, also resulting from 
insufficient food in cultures, made by Jennings and MoClendon, 
eould, in spite of transfer into a rich food medium, be transmitted 
even by appaiently normal examples, namely, the tendency to 
incomplete fission (fig 1&), m which the daughter mdmduala remain 
attached, formmg chains In this manner long wormhke colonies 
arise, from which now and then an individual becomes separated; 
this, however, produces chams again, directly, or these are formed 
• by its progeny 

' Similar fusion was produced by Stoic in a worm, Aeolosoma 7iem- 
frich^i (fig 2), which multiphes bybuddmg — that is, asoxually, by the 
use of old culture water contammg scant nourishment In this case 
the phenomena is not transmitted to the progeny, again a reminder 
that asexual leproduction does not always embrace a complete 
transmission of all the eharacteis, whether inhonted or acquired. 
This worm noimahy has a smooth head and six pairs of bundles of 
setse, on the sides of the body (1-Pl) In the reproduction (fig. 2T), 
a new head and body with slx pairs of bundles of bristles (sette) are 
budded at the posterior end and later detached. But when subjected 
to starvation thebudfuses with the mam stemmto ~ -v-.]- 
(fig. 25), which now possesses more bundles (setse) ■ . > ‘ i i .>,.1 

worm If this mdmdual be now placed m a fresh food medium and 
begins to bud theie (br), it will produce from the very btgimimg otiiy 
individuals with six pairs of bundles of setai Lilcewia*', tlu' olfopiiruc 
are provided with the normal number of setie, when budded from a 
parent which, mstend of havmg an mcreasod number of set© produced 
by tiiinger has a lesser number produced by mechanical separation 
(fig '2a) 
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Anotlier Polychsate fresh-water woim (Lumbricuh;s, fig. 3), possesses 
like tile rest of the worms, the ability to develop into new wonna, 
from pieces cut from the body However, according to IMorgulis, 
not all parts of the bod}' are able to accomplish this If five segments 
are taken from the anterior region of the body (il), these will yiekl 
exactly double as many caudal segments as five segments taken from 
the posterior portion (B) are able to yield After 14 days tire new 
tails, a, 6, are detached and those now produce a new head antei- 
lorly; a^, so that complete worms, although they are somewhat 
dwarfed, are agam produced. These dwarfed worms are again 
robbed of them tails and must sprout another last set of tails. But 
one of these forms (B), produces only about half as many tail seg-t 
ments as the other (A). This is the result of the stronger growth 
power of the anterior end of the origmal worm, while the other is the 
result of the lesser growth power of the posterior segments of the 
origmal worm. The peculiar abilities of these parts have been 
retained m spite of the fact that the pieces were finally subjected to 
the same process — that is, to pioduco caudal segments of the head 
end. Differently stated, the anterior end, derived from the posterior 
end, has acquired the character of lesser development and transmits 
this to its progeny even asexually. 

Recently the question of acquired characters has been diligently 
studied m small crustaceans Their reproduction is a sexual one, 
in so far as it does not take place through budding or fission, but 
through the production of true germ cells. But it does not agree 
with our idea of orthodox sexual repioduction, smee many genera- 
tions may pass without the appeaiance of males. The leproductive 
products at such times are purely feminme — that is, eggs which 
develop without havmg been fertilized by a male cell, the apeima- 
tozoan. We may distmguish this form of reproduction from sexual 
reproduction, in i^e restricted sense, or bisexual re])roduction, as 
unisexual or parthenogenetic reproduction. The investigators who 
have been engaged in the study of these lower crustaceans, and have 
in part or wholly bred them parthenogeneticaUy from unfertilized 
eggs, have avoided the criticism which has often been exj)! (ssed nherc 
animals were produced by the bisexual method of reproduction, 
namolv, that the changes obtained in these animal'-, the in'Oiiiu t of 
bL-exual jepmductimi, were not duo to an adaptation to ihe envii'on- 
ment, but to the crossing of races, in which certain i hiunu loi-s, winch 
had up to this time been luddon in the germpla''-iii, laid tome to the 
surface. To the breeding experiments, in which ihi' iibm e < ritK-ban 
can not apply, belongs, among others of recent d.ile aHo one of ihe 
moat important older works, the experiments of lie Lim alike wilscii 
(1875). This deals with the effect produced upon die form of the 
salme crustacean {Anemia sahruij fig. 4, 1), hy ^nirying tlio sidinity 
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of the medium in whicli it lives. These experiments have been more 
than once subjected to scathmg ciiticism, which is undeserved, as 
can be demonstrated by an exammation of the original sources. 
By mcreasing the salmity, ArUmim sahna passes m several generations 
nearer and nearer, and eventually completely mto the related species 
Arteima. M'uhllmusemi. On the other hand, by leducmg the salinity, 
it assumes a number of characters which are peculiar to a fresh- 
water species, the gdKoot (Branchipus, fig. 4, 2). This is most 
apparent m the gradually emphasised development of the appen- 
dages and the ciliation pending from them. These hairs are at first 
wantmg (1«) , then they apiieur scattered only on the tip of the ter- 
minal caudal segment (l6-d); but finally they surround the entire 
border as a fringe, having attained an equal length at the same tune 
{le-f} 

jtoong the many experiments which have been made recently upon, 
the lower crustaceans, those conducted by Woltereck upon the long- 
spined water flea {Daphnia longispina) may be mentioned. In the 
IJntei see, near Lunz (lower Austria), hves a race in which the head 
helmet is low. By feeding these well, in the basin of a hothouse, 
Woltereck saw them develop mto high-holined foims. If one trans- 
plants these artificially produced lugh-helmod races mto their former 
habitat witbm two yeai-s, then all their piogeny returns to the low- 
helmed form. Later ofTsprmg, however, remaiu more high-helmed 
than the original stock, even when they are returned to normal 
conditions Ostwald obtamed a similai picture without inheritance 
in an allied genus, Hyalodaphnia (fig. 5). He placed high-helmed 
females (lanj, which contamed eggs in the broodpouch that were 
undergomg development, in cold watei (0° to 5° C ) and obtamed 
(l5&j) short-helmed young Moderately high-helmed gravid females 
(llod), placed m moderately warm water (8° to 18° C ), yielded 
moderately high-hehncd young (ilSS,), while short-helmed females 
(lllc!«i), placed m warm water (20° C.), produced high-helmed young 
anhhj. 

I shall now cite a senes of examples m which the transmission of 
an intentionally piodncoJ vanation m higher plants and animals has 
been demonstrated The oflsprmg necessaiy for these demonstra- 
tions were produced by the usual bisexual methods — that is, through 
the foTtili?.ation an ovum; both parents may have been subjected 
lo il'e f h.mge-i)indurmg environment, or only one of the parents may 
have h“en ci^et^gp^' other being normal. The nature of the experi- 
ment, ! v> !i '.vj “i ..a variable as the organism in which it was 
produced—small and lai'ge butterflies, flies, beetles, water and land 
salamanders, frogs, toads, lizards, chickens, dogs, guinea pigs, rab- 
bits, rats, and mice Vai’ious lands of grain and higher fiowermg 
plants have yielded positive answers in our experiments; to say 
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nothing of the lower plants or animals, the bacteiia, yeast, and smut 
fungi, the alg83, and flagellates The characters wliich could be 
changed or newly formed in the higher oi’gamsms include size, form, 
color, developmental stages, habits of locomotion, food, leproduction, 
and nidification Of aU these groups of acquired changes, I can give 
only one or two examples In many instances soveial of the men- 
tioned gioups of variations are combiued m a smglo case, so that hi 
spite of aU the necessaiy concentration, quite a comprehensive survey 
of the field will result 

If we hegm with a case which in a sense is not one of true trans- 
mission, for m this it is a foreign body, not a part of the anmial 
which IS transmitted by the jiaront to the ofl’spring Sitowsld fed 
the caterpillara of a moth (T'lneola hisdhella) with an aniline dye, 
“Sudan red No 111 " The colored caterpillar developed into a 
complete moth, and these moth deposited colored eggs (fig 05), from 
which colored catei'inllars emerged; normally the eggs and caterpil- 
lais are white (fig 65). Similar results were obtained by Gage mth 
guinea pigs and by Riddle with chickens These experiments are 
of interest because they show how easily the germ plasm is reaeiiad^ 
In this case it was accomplished by an external chemical factor 
through the roundabout way of the somapksm. In the body the 
fats ai*e especially colored by the Sudan red and in the egg the fatty 
substances which ai'e attacked by it. Wo may consider the coloiing 
of the hving tissue (vital stammg) comparable to the immigration 
of green algai mto the egg of the green fresh-water polyp (Hydra 
mnd%s). The gioen color of this polyp is duo to microscopic low 
plants (algal), which live m the cells of the polyp and even mfest the 
maturmg egg M Nussbaum has called this a transmission of an 
acquired charactei , for it stands to reason that this association with 
the alg£8 must have been acquhed somewhere. 

If Ave consider size, then we find a ready example which also em- 
braces changes in color and food habit — the caterpillar of the gypsy 
moth Lymaniia s Ocneria disyar — m which the males are strongly 
dfiferentiated from the females. These caterpiUsi-s feed lULliiralty 
upon the leaves of the oak and fruit trees Pictet fed ilicm upon du) 
hol’d leaves of the walnut. At first they fed pooily, but the following 
generation fed upon the nut leaves without hesitation 'Dm j-i •.idling 
generation of moth are dwarfed and paler m both sexco Truces 
ot this aie rop/ie-myoUin after two generations, even vlien they 
havehoeni tod On iho other hand, if oiu' feeds 

two consecutive generations ivith the abnormal food, the;/ udurii 1o 
the normal form, evidently because the caterpillar has lonuied to 
digest the strange food as well as that to which it wa-^ forinerlA' 
accustomed Feeding with the tender Espni=etto produces giant 
forms and saturated color, as well as gray, pi-ilead of yellow, breast 
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]amrs. If the first generation is fed with walnut leaves, the second 
with oak leaves, and the thwd with Esparsette, then the characters 
of all tlireo food-response forms are united in the last generation. 

Schi’oder likewise obtained in the small willow-loaf beetle Phratora 
mffllinae (fig, 7, lower right) an inhontablo food change, but which at 
the same time forced the animals affected to a change m locomotion 
combined with a change in reproduction The larvm of tins beetle, 
usually fed upon the loaves of a smooth species of willow (fig '7 A), 
were unable to feed uiion the surface and were forced to mine m the 
tissue of the leaf. When both wiUows were at the disposal of the 
resulting beetles {.B, h; C, c, etc ), then these fastened then* eggs, 
increasingly with each generation from the very beginning, freely to 
the new food plant. 

Another cxpcruneiit by Sclmoder affected the nidification of a 
small moth {Oraedana sUgmatella). The caterpillars of tins moth 
are accustomed to roll in the tips of the willow leaves, which serve it 
as an abode and food They are prevented from doing this when the 
tips of the leaves are cut off and are thus forced to roll up one or both 
edges of the leaf The progeny of the third generation do this in part 
spontaneously, even when the leaves have not been mutilated 

Plants, too, yield positive results when they are examined for 
transmission of aCqun’ed charactei’s, I will have to pass over the 
many examples which have been noted in the asexually reproduced 
spore plants, bacteria, yeasts, smuts, and algsa. I can only mention 
those pioduced sexually, usually by self-fertilmation of the bisexual 
fiowem 

Ivlehs grew Gamandcr-Ehrenpreis {Veronica chamaedrys), a species 
of cj_uite constant form under especially favorable food conditions, m 
moist, well fertilized beds If the feeding sap stream was driven into 
the fiowermg stalk by the cuttmg away of the mam stem and any 
new lateral shoots which might develop, then these changed quite 
rapidly into loaf slioots. No new flowers vdth theii* accompanying 
bract were added, but m then place only broad coarsely sen’ate green 
leaves. The disposition to this leafy efflorescence is increased in the 
soedlmgs of such changed plants, even -without mutilation in the free 
bed, and, under food conditions which were little more favorable tliaii 
those in winch the wild plants giew, several seedhngs showed a change 
of their unbranched determinate flower stalks mto branched indeter- 
minate leaf shoots. 

Recent experiments were made by Kiebs upon the short4eafed 
live-for-ever {Scrnyerniwirn, o^wt/natum) This was carefully grown 
and the development of the flower stalk watched; then the flowers 
were examined, and, if found normal, the whole flower stalk was cut 
off New flower stalks now develoiied of a difi'erent form, with 
changes in the number and [msition of the fluwem, pistils, and sta- 
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mens Tile coralla was at tunes completely absent ami tiie stamens 
were more or less changed into petals and whole flowers appeared as 
leaf rosettes All these changes appeared at one tune in one and the 
same plant But never moi e than one of the several changes appeared 
in a single mdmdual resulting from the close fortihzed seeds of this 
plant; that is, either only a change m the position and the number of 
the flowering parts, or the changhig of the flowers into leaves, or only 
the change of the stamens mto petals oceuiTod The last two changes 
were emphasized m the seedlings. No clianges could be demon- 
Btiated in the female flowers, for example, the complete lack of petals, 
but instead of this a new cluinge not observed in the parent flower 
became manifested, namely, a peculiar distantly spaced position of 
the sepals, which was noticeable. 

Blaringhem, by the use of mcohamcal methods, mutilation, and 
twisting of the mam stem, attacked a normal race of maize, Indian 
corn (Zea ‘mays pennsylvanioa) , to produce vaiymg forms As a 
result thereof, manifold abnormal forms appeared already in the 
parent plant, of which only a part recurred m the Bcedliogs. Not 
transmissible was a variation, in which the seeds appeared separated 
upon the cob, nor a second, with chaffy earn and red instead of green 
leaves ; nor a third, in wliich all the flowers of the ear, which normally 
should have all been istilate, had been changed to stammate flowers, 
without a change of form or of the husk The following changesj 
however, remained constant upon fuither cultivation, without 
renewed mutilation; a r.ice with stamens upon the cob; that is, 
bisexual eare Normally the eure, winch develop on the side of the 
stem from the axil of the leaves of tlie Iffays plant, are purely pistilate 
frub -flowers, while the terminal spikes at the summit of the stem are 
purely i-xniumnie However, the stamens growing between the 
jusiihite iluwcrs were unable to produce pollen Blarmghem calls 
tills race '‘Zea rmys var. pseudo-androgyna,” i e., “ the false her- 
maplirodite ” Another constant form was an early ripening lace 
with many densely crowded somewhat nregular rows of seeds, pos- 
sessing also a dift’erent form of stem and number of leaves, Bhning- 
hem calls this “Zea ‘mays var semi-praecox,^^ “the half early” 
Finally, a strongly different form, which blooms and ripens ivan 
earlier, with remarkably small ears i,— ,-v - j-r -p.i— - v-l ' i ^ 
spikeSjWhich should be purely st ami'-. I . • 'I';,'' -f 

into mere scars, that is, they have assumea tiie lorm of tne pis t dale 
flower, which is intended to capture the pollen. Blaringhem c'llU 
this form, “Zea mays p'aeeoz," “the very early,’' and considers it a 
new distinct species. 

All the experiments so far cited pertain to plants or invertebrate 
animals To succeed m these experunents it is necessaiy to watch 
the particular organism for at least uvo general lon-i, .nul to keep 
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therujiu spite of tlie uimatuial conditions, in. such, a state of health, 
that they will imdeigo reproduction even while in captivity. On 
account of the short period of life and rapid sexual maturity, no great 
difficulties were encountered while usmg these lowly-organized 
animals. Among the plants, the gardenera and farmers have always 
looked to it that the technical problems pertaining to these were 
placed in then' hands, even before experimentation, and the study of 
hfe phenomena upon the hvmg object was undertaken by biology 
A lesser consideration was bestowed upon the animals, especially the 
so-called “cold-blooded” vertebrates Zoological gardens contained 
only mammals and bh'ds. The use of aquaria and terraria as a pas- 
time, which later on lent much assistance to the rearing of organisms 
for scientific purposes, was still in its infancy, when, with their aid, 
easily solved problems began to play a part m biology. They also 
play a part when it is desu’ed to change the normal conditions under 
which an organism exists. While the botamst often knows, almost 
instmetively, how he must tieat a plant which he receives for the first 
time, the zoologist, on the other hand, stands almost helpless, though 
doalmg with much better known foims, when he finds them dymg on 
bis hands For my own experiments I had selected charges which 
demanded considerable attention, and I had to arrange a special 
technique, «tep by step, to make it possible to keep these animals, 
irosili ifiuilis and amphibians, alive and to have them multiply 
Owners of vivaria, who may he among my listeners, may answer that 
it IS not at all difficult to keep a treetoad, toad, or salamander for 
years m very simple surroundings — a small box with moss and some 
water. Tliis is very true, but such animals will never multiply under 
■ such conditions, although they may live a long tune Furthei'more, 
such conditions would have haidly helped me, lor example, to still 
have iivmg midwife toads (Alytes olsteincans) , which I collected m 
Appenzell in the summer of 1894, and some fire salamanders {Sah- 
Tiumdra maculosa), which I have had since I was 12 years old, or more 
than IS yearn The difficulties reach thoir zenith when one con- 
siders the problem of kecjimg a shade and moisture loving salamander, 
in brilliant light, on dry sand and colored papei, placing only a small 
vessel with water and a very small nest of moist nt its disposal, 
or when one takes care of a lizard, which normally loves di yneos inul 
sunlight, in comparatively cool, moist, and dark .sm'ioundmgs. 

Formerly I succeeded m gettmg the animals experimented, upon to 
reproduce out of doors m so-called out-of-door terraria, or large cement 
basins. The greater number of these pets have now brco'^c dr’^'T- 
ticated, and they perform these functions in smaller i i i - - 
doors. 

And now to the experiments themselves, for 1 intend to give yon 
a somewhat more compIcLe at:coun1 of my rearing of fhe midwife' 



ABAPTATIOW AND INHEEITANCE — KAMMEBEB. 431 

toad {Mytes obstetrieans) . In order to imdersiand tins, it becomes 
necessary to say a few words about the ordinary method of reproduc- 
tion in most of the toads and frogs (fig. S'! They deposit their small 
eggs, hundrods in iiiimbei, m water. The eggs are surrounded by a 
jelly-like substance that unites them into bunches or strings (lig. Sa). 
Here the jelly-like coveimg swells at once about each dai'k-coloied 
egg as a sharp ly-duroiontiated tianslucent ball (l?d The eggs leinain, 
without attention from the paients after deposition The young (c) , 
escape from the eggs. Tho free laivie, so-called tadpoles, which at 
first are not provided with any special breathing apparatus, for they 
breathe with the outer skin (d), develop external gills after a fey. 
days (e), which are later retracted (f) and give way to inner gills (t), 
But still for weeks the larva lemauis without feet {7i) It develops 
fi,rst the posterior (r), then the anterior extremities {Jc, I), after which 
the tall becomes slmivoled and the naxiow, horny jaw is replaced 
by the deeply out mouth of the frog ’(in). Then the small complete-'.; 
frog jumps to land , ’T 

There is only a single exception to this lule m Europe, the so-called,!' 
midwife toad, or egg-bearing toad (fig 9) In this the deposition of 
eggs takes placo on land and a comparatively small number of egg^ 
(18-83) are produced, but which, on account of their great yolk mass, 
appear lai'ge and light colored (fig 9, 2a) The jeUy r-j s-’-i v-i'’*''. 
connect these eggs into a chain can not swell in the f ■ ' u- < 
other hand, become contracted and fit closely to the i' ■ 
egg The male assists the female during oviposition by drawing 
the string of eggs from the cloaca. He also assists in the brooding 
of the eggs (comp fig 10, 7 3 ),windn)g the eggs about his tlnghs and 
carrying them about in this manner, until the young are I'eady to , 
emerge At this time the male with his burden entei-s the water, , 
where tho larvse break their capsules. They do this not m the stage ' 
unprovided with special breathing organs, for this and the following , 
stage, that with external gill, are passed over m the egg. The larva " 
is still footless (fig. 9, 2&), but has mternal gills The succeeding ' 
developmental stages agree with those of other fiogs and toads — two- . 
legged (2c) , f om'-legged (2d), shrivelmg of tho tail, and habitat change 
from water to land in tho completed toad (2e). 

I was able to change the above-mentioned process considerably hi 
four directions In tho first, the aquatic existence of the larva was 
much prolonged (fig. 9, the detail fig 6). I gradually leai’nod to what 
extent factors like darkness, cold, nchness of oxygen m the water, 
overfeediug after pi evious starvation, and the early removal of the 
embryo from the egg, played in prolongmg the metamorphic period 
of the toad. With each one oi these factors I obtained larvro which 
did not transform at tho proper time, and which already ni the larval 
stage attained considerable size, still, what is most important, 
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developed mto adult toads at the advent of the repioductive 
period. The progeny lesnlting from these toads, in which the 
motamorjiliic changes had boon delayed, underwent metamorphosis 
within the naiial normal time They therefore had faded to inherit 
the varying developmental process. It requned the combination 
of all the above-mentioned factors to produce a sexually fertile 
toad larva (lig 9, Cd) Thoir progeny {GO, although produced by 
the matmg of the unique sexually fertile female lazwa with an oidi- 
nary completely developed mate, for yoais did not progress beyond 
the stage with developed hmd legs and displayed little metamoi’phic 
energy 

Secondly, the hidepeudeuce of water, which is aheady expressed 
in the normal reproduction of the midwife toad, by the phases 
passed over out of water during developruont was pushed to tho Innit. 

If one hastens all the processes of development liy the employment 
of warmth and retards the hatchmg by withdrawing light and placing 
them in comparatively dry surroundings, then one obtams gigantic 
eggs (fig 9, 3a), m which the embryos remain untd they have well- 
developed hind legs (3&), The toads developed fiom these are 
dwarfed and eggs laid by them are of lesser numbers than m the noi;- 
mal toad, and possess from the very begmnmg a great amount of 
yolk, much more than in the usual eggs, and it is a curious sight to 
see a dwarfed male perform his brooding function with the very 
large few eggs If one continued to apply the same stimuli to the 
eggs, then one again obtained larv.n, with completely developed hmd 
legs (3D), Imt if one transferred them into normal conditions as far 
as requiromouts of temperature, light, and moisture are concerned, 
larv® were obtamed, which at hatching possessed bud-hke hmd legs 
(3(7). 

Thirdly, one can develop the larvse to the two-legged stage, away 
from water, simply on moist ground, m this, if danger of death 
thieatcns, one must return them to then normal element The land 
larvae (fig. 9, detail fig 5) possess a thicker skm than the aquatic 
larvm, which is easily observed by the fact that m the aquatic larvae 
only (comp. fig. 9, 2c) the rumpniuscukture is visible thiough the 
skm The land larvae possess also a narrower fin, but are stronger 
in the bones and musculature of the tail. The lungs are subjected 
to a curmus modification m the aquatic larvae; they are snnple, 
smoiilh-wa'lfd tubes (2d) ; in land larvae of the same age they have 
filioadv been separated into lobules, alveoli, and sacs (.5a), which 
approach, hoLh m form and structure, those of the completed toad 
(2E). The toads developed from terrestrial larvae are dwarfed. If , 
one keep, 3 the laiva produced by these again out of water, then the, 11 
ability to exist out of water is mcreased. A further stage (5£() & h 
therefore reached than m the preceding generation, which extends ^ 
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the time -when the fore limbs are about to erupt, and all adaptations 
to a terrestrial existence now appear emjrhasized. 

Tho fourth cycle of adaptation and inhcritanco Xf one keeps 
gr8.vid midwife toads ni a high temperaturo (of 25° to 30° C,), then 
they omit tho broorUng stages above doscnbed and return to tho 
piimitive methods of lojiioduction ])eeuliar to tlie lost of the toads 
and flogs The imiiaual heat foiccs tho ammals to seek coolness in 
the watei basm, which is at all times at their ihsposal Ileio tho sexes 
meet and foitilization and oviposition take place But the moment 
the gelatmo capsule of tho egg comes m contact with the water, it 
swells (fig 9, detail fig 4a) and loses its viscosity and theiefore its 
property to diaw itself tightly about the thighs of tho male later upon 
drymg The male is theiefoio unable to fasten it to its posterior 
extremities The string of eggs therefore remains in the basin, m 
which a few of them develop in spite of the changed conditions 

In the same proportion in which the seeldng of the water and the 
completmg of the reproductive processes without blooding become a 
habit, so that the ammals oven without the stimulus of high tempc’’?- 
ture conduct themselves m this manner, do certain ch to ig(S occiii ni 
the eggs and larvai which correspond to a closer appioar K k- the 
original methods of reproduction of toads The numlici of eggs und 
their ability to develop in water becomes decidedly increased. The 
aquatic eggs possess a lesser amount of yolk than the teriestrial eggs, 
and are thorefoie smalloi and diffeient in color, but owing to their 
swollen gelatine layer, they appear just as large as formerly From 
these eggs emerge larvae which belong to an eaiber stage than those 
normally produced, representing an mtei mediate stage between this 
and that of the lest of tho toads They possess cxtcn.-ii giik, of 
which the midwife toad has only a single pair (the antcuoi ■, (fig 9, 
detail fig 4&) Toads produced from such larves are <lw1 inguished 
from normally produced individuals by bemg considorabi \ la’gc! 

In order to tost t^ ' mb t w — ^ ise reproductive adaju al lom. J 
permitted aquatic ■ " vi i ■ ' animals which had hoc'oriio 

accustomed to this mode of oviposition to develop under ni-imii 
conditions, in a loom in which the control animals arc kepi f>'ul lu 
which these have kept normal If the repioduction ndap^slion liad 
become a changed instinct, then tho transmission lefi nolliing n) bn 
desired in tho way of distinctness The sexually nifuiiic!! ^o^!llg 
midwife t,oads sought the water with the bogmmng of iluur lirst 
reproductive period and deposited there their strmgs I'T numerous 
‘small, doik-colored eggs without bestowing any additiuiial aiLrntion 
’upon iberti The aquatic eggs of latei generations aie *'"11 ,=;raa!!ei 
and po-r.HC'-s still thicker investments, the additional twlaLine hemg 
obtained by a shortening of the spaces bcr*veen the egg- m tlie suing 
The laivse of later geneiations, derived f I oui fKiuatk- (.ggs (frg 9, derail 
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figs iO, iD), sliow an increase in daik pigment, a reduction of the 
yolk to its complete retrogression as well as changes in the gills, 
which become shoitened, simplified, and coai-sor, and while usually 
only the first of the gill arches of the skeleton bears a gill, these appear 
on three of the fieo ai olios in the fourth generation (4Z)) The males, 
probably on accoimi of the difficulty of clasping tho female m the 
water, have developed as an adaptation coarse swellings on then 
thumbs, and also stiengthenod tho musc-ulation of the aims, winch 
lend the foielimb a more inwardly flexed appeal anco These are 
external sexual charactere which hold good m all toads and fiogs that 
mate in the watei, hut which are not normal, for tho midwife toad 
normally mates on land 

The brooding instinct, or its absence, are peculiarities which fall 
to the lot of the male in tho midwife toad The chaiacter and devel- 
opment of the egg, on the othoi hand, aie ovciywheie deiived from 
the females To cross normal midwife toads with such, in which 
the reproductive ptoccsses had boon changed, presented some faa- - 
oination In our illustration (fig 10) wo have shown a normal 
male (7 j' ) with tho affixed egg cham upon its thigh, in oidei to indi- 
cate tliat It wiU, if neoossaiy, actually cairy out the function of 
brooding The changed male (8 c? ) is laiger and has left the egg string 
with the smallei daikei eggs, which are surrounded by a swelled 
cepsule, lying unnoticed alongside of him Tho normal females 
appear in the empty white field, it deposits its eggs, as wo know, upon 
the eaith The larger changed female is in tho shaded field because 
it deposits its eggs in the water I cross in the one case (fig 10, detail 
fig 7P) a normal malowii-h a changed female Tho offspring (fig, 1) 
prove at their firat, reproduction to be perfectly normal , the males 
brooding, tbe females depositing rfien eggs on land T thought 
nothing loss than that tho habit change on account of the introduc- 
tion of tho noimal male m the parent generafmu had passed out. 
Alas, they reappeared in tho second generation (F^) almost exactly 
in a quaiter of the offspung, the remammg thi oc-fourths of the 
second goneiation being normal An opposite crossing, a noitnal 
female with a changed male (fig 10, detail fig 8P), yielded the 
following results: Tho first generation (Pit takes exactly after the 
male parent; that is, all the individuals exlubit the repioduotion 
changes resnltmg from the expoiimcnt, the females deposit the eggs 
m the water and tho males do not brood The second generation is 
one-fourth normal and the remaining three-fourths are changed* 

Let us now note the following schemo (fig. 11) It corresponds' with 
the experiences which have frequently been obtained in crossing 
face'? of plant'? or animals Namely, if one crosses a “dark” with a 
“bglu ’ ii.cii (ug, IIP), then one of the two peculiarities alone is 
dominant in the daughter or the first filial generation (Pj), for exam- 
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pie, tlie "dark” one. If one produces a second filial generation from 
a pair of this apparently dark race, then "dark” again is domi- 
nant but only thiee-fourths, while the remaining fourth is "light” 
and causes the "light” of the grandpaicnt to reappear If one 
bleeds fiom the "light,” then "daik” never loapipeais; the "light” 
is and remains pure If one continues to breed the throe-quarter 
"dark” together, then one-fourth continues to bleed pure "dark,” 
which always yields "dark” offspiuig, hut the lemauimg two-f oui tlis, 
when bred together, yield in the thud filial geneiation (Fj), nnothei 
splitting mto thiee-fourths "daik,” of winch one-fonith is pure 
strain "dark” and two-four tha mixed, and on e-f mirth which is pure 
"hght” stiaui This continues as long as the inbreeding permits of 
the development of offsprmg. Tliis mlientauce scheme, of which 
our picture cites the simplest possible case, is called Mendel’s division 
scheme oi provalenco lule, after its discoverer, that peculiaiit}’' which 
is entirely prevalent in the fimt generation and throe-fourths in those 
foUowuig is called the dominant, and the name recessive is given to 
that peculiarity winch is suppressed entirely in the fii'st generation and 
reappeara in onc-fonrth of those that follow. The numerical arrange- 
ment of these peculiarities in the progeny is usually not influenced by 
the sex of the parent bearmg the dominant or recessive properties. 
This, however, is not true in the case of our ei ossings m the midwife 
toad 

It is tiue, however, that these experiments fall m line with Men- 
del’s law, but the dominant factor is attached to the male, and a 
change m dommance depends upon whether wo use a male possessing 
one or another peculiarity On the other hand, tlio recessive char- 
acter in the case of the midwife toad is attached to the female. I 
feci convinced that this unusual change in tlie diatiibulion of the 
habit between the two sexes which we have consid'"'"d r i'vpo"- 
tance. But this is seoondaiy compared with the .la -u * 
-that acquiied chaiacters not only become transmiLieu nub in t-ne 
mixin g with unchanged characteis they follow Mendel's law. The 
acqim’ed character, therefore, has a chance to come foith pure, in a 
certain percentage, from the mixture of chaiacters, and is thus pre- 
served. To this attaches, as wo shall leam, a high degree of stability 
The new character must have ceased to be a changing or unusual 
thing; it must have been transmitted to the organism, as wo may 
say, in flesh and blood. 

Next to the midwife toad, the fire salamander (Salmiandra ma&Ur 
hsa, figs. 12, 13), which lives in moist woods, has become a favorite 
of mine. If kept for several years upon yellow clay (fig. 12, P lovt), 
then his yellow markings become enriched at the expense of the black 
ground color. If half of the offspring of individuals which have thus 
become very yellow (fig 12, row) be raised on yellow soil, the 
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amount of yellow increases and appears in broad regularly distrib- 
uted longitudinal bands The other half of the offspring if gionn 
on dark soil become less yellow, always, however, in close relation 
with the opposing mduenco of the color of the surroundings, and 
likewise in a regular oi der— m this instance as rows of spots along 
the sides of the body. 

If the paient genoiation of the iiie salamander be laised on black 
gaiden soil (fig 13, P row), after some years it becomes largely black, 
while the young kept upon black sod (F^ low) have a low of small 
spots on the middle of the back On the other hand, in young which 
m contiast with their paients have been laised on yellow soil, these 
spots fuse into a band 

If we use yellow paper instead of yellow soil and begin our experi- 
ment, as we did before, with scantily spotted individuals, then we 
obtain enlargement, but no iucieaso in the number of the spots. 
If we take black paper, then we obtain a icductiou m the size of 
the spots without i eduction in intensity of coloiation. The young 
bear the few spots m the middle, while the normal young from the 
control brood in mixed sui roundings at once produce an irregular 
pattein of markings. 

Heavy moisture produces an increase of the yellow, but only in 
the nunihcr of spots, none in the size of the spots Numerous hut 
still s'lialJ s]iots may bo obseived ui the progeny put back into less 
moist Sliuoi H idings Oompaiative dryness results in loss of hril- 
Iip-ncv. hut not in loss of size m the spots. The same phenomenon 
may be observed in the progeny which is again kept moist, especially 
when conipaicd with the control brood which was keiit under uni- 
form conditions. 

Striped fire salamanders occur not only as fanc}" pioducts of 
breeding, but in some places (as in noith Germany and southern 
Italy) they occm also in nature. If such examples be kept upon 
yellow soil, then the inteiruptions w'hicli may occur in their stupe.s 
arc filled out and the completed bands become widci and send out 
cross budges. „ If, on the other hand, animals wnth complete stripes be 
kept on black soil, the stripes become nai rower and break np I eni” 
ployed striped salamandeis for another experiment, using some which 
had been caught wild and some pioduced by aitilicial learmg fiom 
spotted individuals. I exchanged the ovaiios, graftmg these of the 
stiiped salamanders upon the spotted ones and that of the spotted 
.salamander upon the stuped females I can not enter npon all the 
combinations of these experiments, especially not upon the use of 
suitable males, which m the attaining of safe results become very 
much involved, and would require much repetition. But the follow- 
ing result will hardly ho altered. The ovaries taken from a spotted 
female w^hich ivore implanted upon a wide striped female uniformly 
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yielded, spotted young, while the ovaues fiom a spotted female im- 
planted on an experimentally changed striped individual yielded 
spotted, striped, and interrupted striped young. Commonly ex- 
pressed, we leached the following conclusions’ 

1. If one deals with completed race charactoiistics which have 
become established in the foreign body, the so-called nuisc, then the 
progeny will correspond to the characters of that individual fiom 
which the ovary originated, not to that individual into whose body 
the ovaiy has been transplanted. 

2. If one deals with only recently acquired, newly produced, or 
other characters which have been taken out of their cquihbrium, 
winch in the body of the nurse may quantitively dimmish or incioase, 
or may be on the point of becommg quantitively changed, then the 
progeny resembles, at least m part of its characters, that individual by 
which they were earned in the undeveloped state. In tins case only 
tliere passed from the bodily peculiarities, winch were stiU easily 
changed, being as it were, still new and unaccustomed to their pos- 
sessor, a sufficiently strong stimulus upon the reproductive elements. 

These lesults may at some future time prove valuable m harmo- 
nizing the contradictions which b ave resulted from the experiments of 
other investigations in ovarian transplantation. For Guthiie, , by 
exchangmg the ovanes of black and white chickens, obtained an 
mfluence upon the clucks through the colored feather coveiing of the 
nurse Magnus obtained the same results m black and white rabbits 
Heape, on the other hand, in transplanting fertilized ova from wliite 
Angora rabbits into gray Belgian hares, obtained no such influences, 
nor did Castle by ovarian transplantation of black guinea pigs into 
white indiAuduals , nor PoU, in the same operation upon gi’ay and white 
mice; nor Morgan in operating upon Cvona %ntestinahs. 

My expeiiments in transplanting may serve to straighten out the 
controversy between the so-called neo-Mendehats and neo-Lamarclc- 
ists. Let us therefore return briefly to our crossing experiments with 
the midwife toad. Each hybridization is in reality a transplantation 
of the germ elements, in a nonoperative natural way. We noted that 
in a body with entirely different properties, those germ elements which 
were caiTied over into it during coition retained them own peculiarities, 
often "with the greatest persistence; even to such an extent Uiat they 
always reappeared unchanged in a certam percentage of the offspring 
It is possible, mdeed probable, that we are now in possession of the 
explanation of these phenomena, for wo are dealing always only with 
well-fixod, old, constant pecuharities, which no longer exert a form 
or color-changing stimulus upon each other or then* surroundings 
In our midwife toad "we are also dealing, not "with peculiarities which, 
in the strict sense, are new, but with reawakened old peculiarities 
, •85860''— SM 1912 .29 
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which had hecome lost — a resuming of the abandoned lines of develop- 
ment of the forefathers It was on account of tins that these rever- 
sions or atavistic characters could be carried to a Ingli or at least 
sufRciently balanced degree If these had been newly acquired char- 
acters and transmissible m pure strains, their diversion in the Mende- 
han sense would nevertheless have been impossible, for I have been 
convinced of this recently by completed control experiments with 
animals which had enjoyed the pecuhar adaptation for a short period 
only 111 these, neither of the two pecuharities of the parents is com- 
pletely dominant m the offsprings, but they stand midway between 
their producers, and the acquired character pales, fades, becomes 
enfeebled, and is finally lost 

I do not wish, to close my observations wdthont considermg another 
phase of the inheritance of acquired characters, namely, the trans- 
mission of acquired disease and the transmission of acquh’ed resistance 
against toxin 

Strictly considered in the light of experimental investigation, we 
possess only the classical experiments of Brown-S 4 quard, Westphal, 
and Oberstemer that deal with transmission of disease These were 
responsible for epilepsy produced in the guinea pig by operation 
Brown-S 6 quard and Oberstemer severed some cords of the spinal 
cord, or more frequently the hip nerve m their guinea pigs, Westphal 
tapped them on the head wnth a hammer once or several times. 

The most marked results of these interferences consist in epileptic 
cramps, as well as an occasional change of the eyeball, namely, a 
whitish duffing of the cornea and protrusion These changes pro- 
duced hy disease are found again m a part of the progeny; even the 
second generation possesses at times a tendency to epileptic aftaclm 
from the first without a repetition of the operation These experi- 
ments have since been twice tested, first, by Sommer with completely 
negative results, but this can scarcely be considered conclusive on 
account of the limited amount of material experimented upon, and 
second, by Macisza and Wrzosek, in winch the older observatious 
were completely verified and their scope only slightly restricted by 
the fact that mcomplete attacks could be produced in a few healthy 
young, from normal parents, a fact not observed hy any of the previous 
investigators. 

As regards the inheritable transmission of protection against bac- 
terial or other toxins, we have the pioneer experiments of Ehrheh, 
now famous for his remedy for syphilis, on mice protected against 
rizin and abrm, also those of Tizzoni and Oattaneo on mice protected 
against tetanus and rabbits protected against 
those of Behring upon rabbits protected against 1 .1 • .• 1 . . i'. 

are not quite beyond challenge, smee the transmission of toxin resist- 
ance upon the progeny was then observed only when both parents, or 
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at least the female, was piotected agamst toxius and not wlien the 
male alone possessed tliis pecnliaiity The doubt was therefore not 
excluded tliat the transmission may have taken place not by true 
inheiitance of the undeveloped germ, butlatei through the placenta, 
or even by way of Iho milk of the mother, while nursing. Tho latter 
possibihty appeared all the moie reasonable, since analagou.s experi- 
ment by Lustig upon chiclcens piotected agamst abiin in winch both 
of the questioned souices of error were ehmiriated yielded com- 
pletely negative results But fmal posith^e proof was furnished by 
expeiiments made by Gley and Chaiim, wlio, by tho use of rabbits and 
the toxin produced hv the pus-producing Bacillus pyocyaneus, 
achieved that which Elu'hch and his followers had been unable to do, 
namely, the transmission of the resistance by imniumty — m tins caso 
agamst a disease-producmg poison pioduced bj^ bacteria — through the 
male alone 

This wonderful new result, together -with all those previously 
attained, opens an eutuely new path for the improvement of our 
race, the purifymg and strengthening of all humanity — a more 
beautiful and worthy method than that advanced by fanatic race 
enthusiasts, which is based upon the relentless struggle for existence, 
through race hati’ed and selection of races, which doubtless are thor- 
oughly distasteful to many This will never save human society 
from degenezation, it will not quahly man for greater efforts or 
liighoi anus These must be acquu-ed solely and alone by our own 
labor toward a well-determined end If acquued characteis, impres- 
sions of the mdmdual life, can, as a general thing, be mherited, 
the works and words of men undoubtedly belong with them. Thus 
"Viewed, each act, even each word, has an evolutionaiy boarmg. 
The ftcquirmg of new chaiacters may prove an mherited burden if 
unhealthy conditions and overmdulgenco, or lack m all things, or 
had passions rum our body, and therefore our reproductive cells, 
so that even good germs become strangled m it But the active 
striving for definite, favorable, new qualities will m a bke manner 
yield the power to transmit the capabihties which we have acquired, 
the activities which we have busily practiced, the overcoming of trials 
and illness — 'will leave somewhere their impress upon our children or 
our children's children. Even if ever so much weakened; even if 
only m disposition or tendency, not in completed form; even if com- 
pletely concealed foi generations, some reflection of that which we 
have been and what we have done must be transmitted to our 
descendants. We Imow, unfortunately, all too little about this, be- 
cause well-planned breeding experiments are impossible in man, and 
because statistical investigation, which we offered in their place, is 
frequently fuff of error. We are therefore forced to draw our eon- 
elusions from the better-known case of the plants and ammala; and 
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jusfc sucli cases xnake ifc seem probable that our descendants will 
learn quicker what we knew well, will execute easier what we accom- 
plished with great effort, will be able to withstand what injured us 
almost to the point of death. In a woid, whero we sought, there 
they will find, where we began, there they will accomi)hsh, and where 
we are still fighting with imcei tahi results, there they will be victo- 
rious. 

EXPLANATION OF PLATE FIGURES 

Eiq 1 . — Shpper anvnialamlc (Paiamaccium) — 1, normal, more enlarged, and less 
scliematic I la, offspring lesulting By fission from an example whioh has been 
distorted by hungei, every tune ono offspring with a hornlike process, 16, incom- 
plete fission the fission products remain attached to each other (After Jennings 
and McClendon, from Przihram’s Experiment. ilzoologie, vol 3 ) 

Pra 2 — Aeohsoma hempnehu —Upper left-hand figure normal worm, T, budding, 
a, a worm in which the end was cut oft, in spite ot winch a new worm is bud- 
ding in aT. b, bud fused imtli the stem part, m 6T, producing, in spite of tins, 
another normal bud (,Attei StnK, from Piztbmm’s Expenmentalzoologie, vol 3 ) 
Fig 3 —Lu7n6neuf us, —Above normal worm M6 anterior, P5, postenox segments, 
which are cut away and produce tails, a, b, in a and 6 these sepaiated tails have 
acquired new beads, m o and b the latter have each grown another set of tads, 
(After Morgulie, from Pizibram’s Expenmentalzoologie, vol. 3 ) 

Fig 4 — ^The approach of the Salmecmstacean (Artemia) (1) to Branchipns (2) 
When the saline contents of medium are reduced la-'f, gradations of the pos- 
terior segment of the abdomen of the SahnocruBtacean , 2g, posterioi segment of 
the abdomen of Branchipns (After Schmankowitsch, from Przibram’s Expeii- 
mentalzuologie, vol 3,) 

Fig 5 — A water fle.i (Hyalodaphnia) To the left high, right low helmed females, 
with eggs in the brood pouch In the middle ate the results of three experi- 
ments (1-111), represented by sketches of the head outline, aa, females, 66, 
young (After Ostwald, from Przibram’s Experimentaizoologie, vol 3 ) 

Fig 6 — ^\Ttal staining in the moth Timola bibclliclh —A caterpillar stamed with 
Sudan red B, coloied egg, deposited by a moth developed fiom the etauied 
caterpillar, 6, norm.al, coloiless egg (After Sitowski, from Przibiain’s Experi- 
mentalzoolome, vol 3 ) 

Fio 7 — Changing the small willow leaf beetle (Phraioru mdhmis) from a amooth 
leaf (A) to a strongly woolly nillow leaf (a) In £ most of the eggs have been 
deposited upon the original food plant (above), m 6 the eggshaia been placed 
upon the new food plant Analog in C, c, B, in which an incieasing numbei 
of egg.s aie deposited upon the new food plant The numerical diHeience in 
the number of the egga deposited is indicated by the number of circles alongside 
of the twigs To the right below is the beetle (After Schroder, from Przibram’s 
Experimentaizoologie, vol, 3 ) 

Pig 8 — Development and metamorphosis of an ordinary frog a, freshly deposited 
eggs, 6, with swollen capsule, c, before hatching, d, freshly hatched Wva; o, 
with external gills, /, external gills retrogressing, g, h, footless larva with internal 
gills, i, larva with hind legs, h, with the beginning of front legs, with all four 
legs, 7>i, after discaidmg the homy jaw and almost complete shrivehng of the 
. tail (After Biehm ) 

Fig 9 — ^Adaptation of the midwife toad {AlyUs obatetneans) 2, normal develop- 
ment, a, egg; 6, freshly hatched larva; c, two-legged d four-legged larva, e, 
newly developed toad, S, lung of larva; s, lung of complete toad 3, develop- 
ment from “giant eggs”, a, egg, 6, newly hatched larva, C, newly hatched off- 
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Bpii^iig mtliout DD with continued development from gmut eggs 4, develop- 
ment from “aqiialic eggs, a, egg”, 6, newly hatrhed young, alongside of which 
IB its head with one pan of external gills, C, m the same nay tlie larva of the 
first, D, the fomth generation (heie with thiee pairs ot gills) 6, land larva, 
6C, offquing of same, 5a, land larva, young G, gunt laiva, d, sexually niatuie 
larva, 6a, lunga of aame, bC, the offepiiug of same (After Kammeicr, fiom 
Przibram’s Expenmentaizoologie, vol 3 ) 

Fig 10 — Crosamgs between normal and changed midwife toads 7, normal brooding 
male (<?), 11401 changed, water depositing female ( 5 ) S, normal land depositing 
female (9), with changed, nonbiooding male (d) /*, paieuts, children, 

ifj, grandchikUen (After Kammeier, from Przibram’B Exponraontalzoologie, 
vol. 3) 

Fig 11 — Scheme of iidientauce accoiding to the Mendelian or pievailmg law P, 
parents, P,, ciiildieu, F,, gieat-grandchildicn 

Fig 12 — Color adaptation of the fire salamander (Sulamandra niaailosa) to yellow earth 
and the transmission of this adaptation witli the appe.imnce of a eymmetiic 
color pattern in the daughter generation “P- line,” F^- line, denote the color 
changing piocess of a single parent pair of paienta (P, parents -P,) The time 
element in each two stages of the P- line roquiies two jmais, that of the P^- line, 
one year (Aftei Kammeiei ) 

Fig 13 — Color adaptation of the fire salamander {Salaniandia imcuhsa) to black 
garden earth and the tiansmission of Uiis adaptation with the appearance of a 
aymmetue color pattern in the daughtei generation All details as in figuie 12, 
which see (After Kamnierer.) 
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1 INTRODUCTION 

Testimony m support of alteration in tempeiaUire and contour of 
Tertiary Antarctica is almost wholly based on a comparison of the 
hving fauna and flora of surrounding countries Wldle biologists 
in general, led by Wallace, Sclater, and Hutton, opposed the idea 
of an extended and habitable Antarctica, geographers hesitated to 
adopt an hypothesis the arguments for which lay in a foreign, field. 
But of late years most of those engaged m its discussion have been 
supporters of extension, so that the theory has advanced from the 
position of a disparaged heresy to that of an estabhshed view 

Accustomed to rely on biological evidence m the form of paleon- 
tology for unportant and far-reachmg generahzations, geology 
may now accept from biology this theoiy of former Antarctic exten- 
sion. Thereby is aoquu’ed a correlation of chmate, of time, and of 
continental change, while incidentally a now light is thrown on the 
question of the permanence of ocean basms 

It seemed nothmg unusual to find a similar fauna and flora, even 
to the extent of a large proportion of identical species, on the sub- 
antarctic islands all around the world. But collectors working in 
South Temperate and even in South Tropical Zones were surprised to 
find related species and genera m opposite hermspheres. This corrp- 
spondence is more pronounced in primitive groups and grows clearer 
southward. 

First, it was realized when the famous botanist, Sir J. D. Hooker, 
pointed to the distribution of the southern pines as indicating a 
common origin, (Hooker, London Journal of Botany, voL 4, 1845, 
p. 137.) 

The relations of a southern fauna Imking Australasia to South 
America were sketched firm and clear by a master hand in Prof. 
Huxley’s essay on the classification aud distribution of the gallina- 
ceous birds (Huxley, Proc. Zool See 1868, p. 294 ) 

' Vi 'r.izit ' ■' \ 21 rJ-"''ti frti’T. tlio Proceedings of the Umnoau Society ol London, sossJon 124, iQU-ia, 
Kl'W Tiiin! h I'll.’ 
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According to Ortmamx, first Rfitimeyer definitely proposed jidia- 
tion from Antarctica as the solution of the problem. (Riitineyer, 
Ueber die Herkunft unserer Thiorwolt, 1867, p. 15.) 

Our knowledge of this subject was much advanced by Dr, IT. O. 
Forbee. (Forbes, Roy. Googr Soc, Snppl, Papers, iii, 1893 ) Start- 
ing from the fossil avifauna of the Chatham Islands, he reviewed the 
community of southern faunas and interpreted it by antarctic dis- 
tribution, As the means of dispersal he mapped a vast continent 
stretching continuously from Madagascar to South America and Fiji 
during the “northern glacial epoch ” 

It was suggested by^' the present writer that a far smaller area of 
continental land, of an earlier date and of unstable form, was indicated 
by its surviving refugees (Hodley, Proc. Roy. Soc. N S Wales, vol, 
29, 1896, p. 278), and that the last Antarctic phase as reflected by 
these might be expressed in arms reaclnng on one side to Tasmania, 
on the other to Cape Horn, while previous phases may have been 
represented by other rays extending to Now Zealand, Madagascar, 
Ceylon, and perhaps South Africa. 

A study of terrestrial and fluviatile moUusca induced Ancey to 
subscribe to these suggestions. (C. F. Ancey, Journ. de Conch., 
vol. 49, 1901, p 12 ) 

Dr. Ortmami, while investigatmg the South American Teitiary 
invertebrates, accepted my amendments to Forbes’s proposition. 
To a clear exposition of the subject he added a map and bibho- 
graphy. (Report Princeton University Expedition to Patagonia, 
vol. 4, pt. 2, 1002, pp. 310-324 ) 

The distribution of southern earthworms was discussed by Prof 
W- B. Benham. (Proc Austr. Assoc. Adv. Sci 1902, pp. 319-343.) 
In his opinion the Acanthodrilids, a primitive group, originated in 
New Zealand and spread by way of Antarctica to South America, 
He emphasized the fact that the umon they indicated between 
Antarctica and New Zealand was not synclironous with the Austra- 
lian connection. 

Examining the mammalian fauna A. Gaudry considered that 
unless Tertiaiy Patagoma was united to Antarctica its paleonto- 
logical history would be incomprehensible. (Compt. Rend., vol. 141, 
1905, p. 806 ) 

From a study of the fresh-water Crustacea of Tasmania, Mr 
Geoffrey Smith concludes that certain elements of this fauna “reached 
their present range by means of an Antarctic connection between the 
southernmost projections of Australia, South America, and New 
Zealand.” (Trans. Lmn, Soc. Lend , ser. 2, Zool., vol , 9, 1909, 
p. 67 ) His .analysis revealed the presence in Tasmania of another 
element which he derived from tho northern hemisphere and whicli 
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he su^'wosed to have traveled down the Andean Chain and ciosscdio 
Australasia by the Antarctic route. 

Summing up n biological examination of the southern islands of 
New Zealand, Prof. C Chilton concludes. “The evidence pointing to 
former extensions of land from the Antarctic Continent northward, 
and to thO warm climate that was enjoyed by this continent in eaily 
Tertiary times, seems to otTcr a fairly satisfacloiy explanation of the 
facts before us.” (Suhantarctic Islands of New Zealand, vol, 2, 
1909, p 467 ) A fnU bibhography is included in this aiticlo. 

Pmally, Osborn describes the hypothetical leconstiuctiou of Ant- 
arctica as “one of the greatest triumphs of lecent biological investi- 
gation ” (“The Age of Mammals,” 1910, p 75.)‘ 


2 AKGUMENT 

The distribution records of recent and fossil species upon which 
the generalizations of the foregoing authoi's depend have never been 
demed. Indeed, they continue to mcrease with the progress of 
science 

To other, and usually earlier, authors these views presented two 
insuperable clifheulties. One is the extreme change ui climate which 
formerly permitted temperate and subtropical animals and plants to 
exist where cold is now so intense The other is the demand for the 
existence of Tertiary land where an ocean now extends so broad and 
deep as that between Antarctica and Tasmania or New Zealand. 

To evade these difficulties and yet explain existing distribution the 
following tliree alternatives have been advanced 


I. 

That decadent groups were expelled from their oiigmal seats by 
more vigorous competitoi’s, retreating from a noithern center to the 
ends of the earth, such groups divided into fugitive parties which con- 
verged as southern lands approached the pole. Or discontmuous 
distnbution in southern continents were simply considered remnants 
of a former umversal distribution, (Wallace, “The Geographical 
Distribution of Animals,” vol 1, 1876, p. 398; Pfeifer, Zool Jahrh. 
Suppl. vol. 8, 1905, pp 407-442 ) 

But whereas, under the cncumstances postulated, the northern wan- 
derem would be expected to dimmish and to vary as they receded) the 
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southern forms in question became more ahke and more nui^brous 
proceeding south. Thus radiationrather than convergence is md-cated. 

II 

That birds, winds, or circumpolar currents, by a process of picking 
up and setting down passengers from the contments or islands by the 
way, established a uBiforniity of fauna and flora. Thus, Dr. Michael- 
son writes (Jouru. West. Aust. Nat. Hist Soc., vol 5, July, 1908, p. 
13); "There is no need for the supposition of an ancient great An t- 
arctic continent which connected Auatraha and South America, as 
some scientific men still suppose Certain littoral Oligoclueta, con- 
sisting of eurylialine foims, for which the salt sea is no harrier, can be 
transpoited by the west wind drift over the stations on the different 
islands lymg between one continent and anothei " 

The flora of the circumantarotic islands, as instanced by Kerguelen, 
was thought by W. Schimpei to have been conveyed by sea birds and 
ocean drift (Schimper, Wiasenschaft. Ergebn. Valdma, vol, 2, 1905, 
p. 75). Although this might apply to species which recur through 
several archipelagoes, such would not explain the presence of endemic 
plants and on Kerguelen the occurrence of an endemic snail, Amfhi- 
dow, liooken. 

Such transport accounts only for a wide range of individual species 
capable of air or water carriage. It has doubtless been a small but 
real factor in distribution But it does not account for the existence 
of related and representative species, for the subtropical element, or 
for the species incapable of such conveyance Prof W B. Benham 
raises the objection that a species might drift yet never land. "When 
I stood at the top of the sheer cliffs, some 500 feet to 1,000 feet m 
height, which form the whole of the west coast of Auckland Island 
and saw the tremendous breakers which even in moderately calm 
weather dash with incredible force against the rocks, I was more than 
ever convinced that the west-wind drift can not aqconnt for the 
transfei'ence of Oligochssta from the various land surfaces of thin 
subantarctic region.” (Bonham, "Subantarctic Islands of New Zea- 
land,” vol. 1, 1909, p. 254.) 

m. 

That a trans-Paoific continent conveyed to New Zealand, Australia, ' 
and South America a common stock otherwise recognized as the Ant- 
arctic element. (Hutton, Proo. Linn. Soc. N. S. Wales, vol. 21, 1896, 
p, 36; Baur, American Naturoliat,” vol. 31, 1897, p. 661.) 

This alternative seems the weakest. Had a trans-Paoific bridge 
reaUy disseminated the species under discussion then they should ho 
best developed in the central remaining portion (for inslance, in 
Tahiti or Samoa) and least at the extremity (as m Chile or Tasmania). 
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At-Fusrlly tlio reverse ig the case. South America is the most cioselj- 
Hbsocu^cd mth Tasmania, then New Zealand is less so, and the niid- 
Paciiic islands not at all. 

Those who consider the demand for land between Tasmania and 
Antarctica as exorbitant are not consistent in askmg so much larger a 
grant in the Pacific. 

Another difficulty is why that South American conUngent ■which 
flooded Tertiary Antnictica, and then Australia, failed io include such 
characteiistic South Amencan fauna as the humming bn’ds, platyihme 
monkeys, hystincomoiph lodents, edentates, oi notoimgiilates Di. 
von Jlieiiiig cxplams (Tians. N- Z Inst, vol. 24, 1891, p. 431, and N. 
ilahrb 1 ISlmeralogie, etc , Beil -Bd.,Tol 32, 1911, p 176, pi v) that 
two former subcontmenta of late Mesozoic or early Teitiary age are 
now fused in the present South America. Before the nse of the 
Andes these wore separated from each other by a broad sea and mam- 
tamed distmct fauna and flora. The southern tract, which he calls 
“Ai'cliiplata,” comprised what is now Chfle, Aigentma, and southern 
Brazil The northern area, called “ Archiguyana," embraced northern 
Brazil, Venezuela, and Guiana. 

It was from Archiplata that the lost phase of Antarctica had its 
American denvatives, and that at a time when many forms now 
regarded as typically South American had not yet leached Archiplata. 
Not until after Antarctica was released from Archiplata did the latter 
join Archiguyana, and then the southern fauna suffered the usual fate 
from the incursion of the moie highly organized northern types. 


3 THE AUSTRAL EAUNA AND FLORA 


More space than is here available would he required to enumerate 
the Antarctic refugees in austral lands A few of the more striking 
instances are now selected. 

Recent marsupials are restneted to Australasia and to the Americasj 
the monotremes to the former It seems to have been assumed gen- 
ei’ally that marsupials necessarily had a European origin and traveled 
across Siberia to North America A shorter connection between 
western Europe and South America by -way of Archhelems is at any 
rate worth debate. Had the entry to Australia been by tho Malay 
Archipelago, as opponents of the Antarctic hypothesis advance, then 
stiagglem by the way should have Imgeied in the East Indies. In 
Australasia marsupials and monotremes are least developed m the 
north, proceedmg southward, more groups successively appear, till 
ultimately Tasmania has, as Prof. Spencer expressed it, "a condensa- 
tion of most that is noteworthy in the Australian region.” (Spencer, 
Proc. Austr. Assoc Adv.'Sci. 1892, p. 106 ) Indeed, the most con- 
•vincing proof of the Antarctic theory is the fact that in Australasia the 
South American affinities regulai'ly mcrease as Tasmania is approached 
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and tliere attain their maximum. Those who deny marsupial migra- 
tion across Antarctica are obliged to assume that the Thyl^imdte 
were independently evolved in each hemisphere That Tasmania was 
the point of entry is supported by the discovery in Tasmania of the 
earliest fossil Australian mai-supial. This, Wynyard'M hasstana, is 
apparently one of the Phalangeridie, but the umque example is too 
miporfect for positive identification (Spencer, Proc Zool. Soc. 1900, 
p. 770.) Local geologists class the stratum in which it occurred as 
Eocene, but English and American geologists are loss disposed to grant 
these beds such antiquity. 

If marsupials had not been available, the case could have been made 
as clear from heipetological evidence And, indeed, were the verte- 
brata disiegarded, the hyjiothesis could still be as well established 
from the invertebrata or the plants. 

Among the reptdes, 60 genera of the Iguanidss are known, all of 
which are confined to the New World, chiefly South America, except 
one genus in Eqi and two in Madagascar. Austrahan snakes are 
divisible into the venomous and the nonvenomous groups. All the 
venomous are of the family Elapidse, related to South American types ; 
they focus in Tasmania, where nonvenomous snakes are absent. The 
nonvenomous snakes are of Asiatic or Papuan aflinity, and focus in 
North Queensland. The majority of Australian frogs are also akin 
to South American forms 

A faimly of large snails, conspicuous for the size and beauty of the 
shell and distinct in structural features, called by Dr Pflsbry the Ma- 
croogona, has the following distribution In South America, chiefly 
tropical, Macrocyclis 1 species, Strophochilus 51 species, and Gonyo- 
stomus 5 species; in, Madagascar, Ampehta 54 species and Helico- 
phanta 16 species; in the Seychelles, Stylodonta 2 species; in Ceylon, 
Acavus 7 species; m the Moluccas, Pyrocbilus 4 species , m Tasmania, 
Anoglypia 1 species and Caryodes 1 species; in Eastern Australia, 
Pedmogyra 1 species and Panda 4 species The Chilian Marcrocydis 
and the Queensland Pedinogyra by shell characters pair together, 
while Helicophanta is a match for Panda The absence of this family 
from New Zealand, its preponderance of species in Madagascar, of 
genera in Tasmania with Australia, and its development m the Tropics 
are remarkable characters of tins old austral group 

The snail family Bulimulidse is characteristic of South America, 
beyond which two genera stray intp the West Indies and North 
America, and two others, Botliriemhryon and Placostylus, occur in 
Australasia. The first ranges from Tasmama to West Australia, and 
forms an exception to Antarctic rule by having its distribution center 
in the latter. Indeed, Bothreimbryon and the fluviatile crustacean 
Chffiraps raise a suspicion that West Australia had direct relations 
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Placostylu3 extends from New Zealand to Fiji and New Guinea, 
“giving testimony," as Pilsbry lomaiks, ''to the former existence of 
an Antarctic land connecting the austral eontmonts of the two hemi- 
spheres ’’ (ifan. Conch , Index, vols. 10-14, 1902, p. ix ) 

The Buprestidaj, a family of huge and handsome beetles, exhibit a 
stnlong afRnity between Australia and South America; so much so 
that, opposed as Wallace was to the Antarctic connection, he here 
conceded that some exchange between the two areas was required. 
He thought that it took the form of larvai in floating tunber diiftmg 
round the Antarctic seas m a warm period. 

Among early Terliaiy vegetation brought from Seymour Island in 
the Antarctic by Dr Nordonsk] old’s expedition, Dus6u has recogmzed 
a species of Fagus and an Araucaiia like A. iras-ihensis (Schwe- 
dische Sudpolar, Exp , Bd III, Lief 3, lOOS ) In the light of this 
discovery the range of the living species of these genera acquii’cs an 
importance for tho student of the Antarctic hypothesis The dis- 
tribution of the beech tioes is a particularly mteiestmg one, foi on 
the principle of Antarctic extension it is simple and intelligible, but 
without it is complicated and inexphcable 

This genus Fagus, sensu latu, has two lepresentatives in Europe, 
ohe in North America, and several in China and Japan. But in 
South America there are 11, in New Zealand 7, and in Tasmania 
with Australia 3 The northern forms are deciduous, but with 
one 01 ’ two exceptions the southern are evei green The genus 
being a natural one is certainly not of poljqiliyletic origin, and the 
question before us is, from what center of nugiation has it spread? 
Did the southern species radiate from the south or conveige from the 
north ? It is a strong argument for a southern origin that the bulk 
of the species are sou them Again, the evergreen state is primitive, 
the deciduous derived, and this indicates that the northerners are 
offshoots from an evergreen stock. Thirdly, the southern species 
more closely resemble each other than any northern does any southern 
form. Even, as !Mr. Rodway (Proc Austr. Assoc. Adv. Sci., 1912) 
points out, the same parasite afflicts Tasmanian and South American 
trees. This agrees better with radiation from the south than with 
convergence from the north. 

Another aspect of Antarctic distnbution is presented by the genus 
Araucaria None of the 15 existing species reach the Northern 
Hemisphei’e, so the complication of a boreal factor is absent. It is 
chiefly subtropical and characterizes a zone external to that of Fagus. 
In South America there are tliree species, in New Caledonia eight, in 
Norfolk Island one, in New Guinea one, and in Australia two. The 
latter pair are unlike each other, but one, A. hidimJh, from Queens^ 
land, stands very close to the Chilean A. imhneata. This indicates 
thul the genus had already differentiated almost to its present' 
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extreme belore the migration route between Australia and South 
America bad closed The large and heavy seeds ot these tiees^possess 
no floatuig power and aie unfitted for dispersal by birds. As Dr 
Guppy remarks of the Fijian Kauri pine, “they may w^ell be cited in 
support of any contmental hypothesis ” (Guppy, “Naturalist in the 
Pacific,” vol 2, 1906, p 301 ) 

The preponderance of Araucaria in the Pacific 13 enforced by a 
related genus Agathis If statistics cany a meaning, Fagus would 
seem to have come to Australasia from America, while Aiaucana 
made the reverse journey 

The remarkable and well-known genus Fuchsia includes 69 species. 
Four of these are natives of New Zealand, the rest inhabit South 
America, Mexico, and the West Indies These figures are almost 
exactly reversed for the shrubby evergreen Veronicas, plants con- 
spicuous m any New Zealand landscape, totally absent fiom Austialia 
or Tasmania, and lopresented by a few stragglers m South America 
and Fuegia. 

4 DEDUCTIONS 

If it be resolved that the community of austral life is cxphcable 
only by former radiation along land routes fiom the south polar 
regions, we reach a position to probe deeper into the mtricacies of 
the problem 

In the scheme propounded by Dr. H. O Forbes, the austral forms 
inhabited one vast contment, nearly a third of the Southern Hemi- 
sphere, at the same ( ? Pleistocene) time. But an analysis of the 
fauna in question shows that some groups avoid Tasmama and others 
avoid New Zealand. Clearly the Antarctica that supplied Australia 
with an abundant fauna of marsupials, monotremes, snakes, fiogs, 
and ^0 on, was not in touch with New Zealand, where these animals 
are conspicuously absent Benham has emphasized the fact that the 
Acnnthrodiibds, Antarctic earthworms, faded to reach Tasmama. 
When they, the fuschias and other associates, spread backward and 
forward from New Zealand to South Ameiica, it is equally clear that 
the road to Tasmania was barred to them Iiedale remarks (Proc, 
Molac. Soc., vol. 9, 1910, p 160) that the Antarctic element in the New 
Zealand Polyplacophora, a naarme moUuscan group, is distmct from 
that which reached Tasmania from the south. The dillerenoes are 
both positive and negative, and are not due merely to the more south- 
ern latitude of New Zealand preserving a larger proportion of cold 
types. When circumstances allowed Iguanides to wander from South 
i^eiTca in two genera to Madagascar and in another to Fiji, the 
Austrahan road was apparently closed to them 

It becomes mcreasmgly apparent that the Antarctic source of 
austral life was not simple hut compound This complexity has 
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piobably been the chief hindrance to its recognition The problejn 
before is, Was the complexity that of tune or space, or both ? 

Shall wo suppose, for instance, that at the close of a glacial peiiod 
an Antarctic contment bare of life received a fauna and flora fiom 
one neighbor, then developed and transmitted it to another; that 
a subsequent glaciation swept all life away from the polar area; 
that a warm interglacial period succeeded when another tiansfei, 
but between diffeient neighbors, took place? So that the fauna of 
New Zealand might represent the life of one interglacial Antarctic 
phase and that of Australia another 

Or shall we consider that Tertiary Antai'ctica was an archipelago, 
the islands of which carried such different fauna and flora that 
emigrants from one quarter differed from those of another It is 
not yet known whether the area between King Edward VII Land 
and Graham Land is a lobe of the continent or an archipelago, or an 
independent island (Darwm, Proc. Roy. Soc. A., voL 84, 1910, 
p. 420; and Mawson, Geogr Joui’n., vol. 37, 1911, map, p. 613.) 
In the latter case it is possible that King Edward VII Land may 
have joined New Zealand, while Tasmania was separately linked 
to South. Victoria Land. Under these circumstances New Zealand 
and Tasmania may have simultaneously imported an Antarctic and 
yet a diiferent fauna and flora. 

Or both conditions of interglacial succession and insularity may 
have combined in the past to produce present effects. 

Prof H Pflsbry has shown (Proe Acad Nat. Sci Pbilad., 1900, p. 
668) that the land moUuscan faunas of the Mai-quesas, Hawaii, and 
Society Islands aio closely related, and that though of pimnitive 
type they are harmomc such as befits contmental land, not a drift 
selection such as oceanic islands have. He proposes them aa witness 
to the existence of a Paleozoic or early Mesozoic land mass. The 
tree lobehas also testify to the antiquity and association of these 
distant Pacific archipelagoes. (Guppy, "A Naturalist in the Pacific,” 
vol. 2, 1906, p, 250.) Their relations are with the aipineflqras of South 
America and equatorial Africa A third of the mountain flora of 
Hawaii 13 derived from high southern latitudes. It is now suggested 
that these primitive continental plants and ammals reflect a merid- 
ional Pacific land ray, the first visible vestige of Antarctic extension, 
as Taamama was the last. To carry a cold flora across the Equator 
the land must have been lofty and continuous. In such a range 
some might see the iib of a former tetrahedral world. 

As the Eocene was both a warm period and a time when land was 
largely developed in the Patagonian ai'ea, it is hkely that the Archa- 
platan fauna then or earlier entered Antarctica. If the Tasmanian 
f o=-3il TTym ardia is rightly dated Eocene, then during that age soxne 
at least ot the American migrants reached Australia. 
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Whoreaa New Zealand in its relation witli South America, via 
Antarctica, appears both as a giver and a receiver, Austr^ia, on 
tho contrary, seems to have made no return to South America, but 
to have locoived all and given nothing ^ No Eucalypts, for instance, 
crossed from Tasmania to Patagonia. One explanation may be that 
Austraha was then too pool to afford emigrants Another and 
more probable explanation is that Antarctica, having received a 
fauna and flora from, Ai'chiplata, was severed from it befoie jo inin g 
Austraha Thus a stream of rmgi’ation would be forced forward and 
checked backwards. 

Tho austral fauna and flora appears extendmg in successive zones 
from the far south to the Tropics In New Zealand the wai'mth- 
lovxng plants and animals, such as tho Kauri pine (a relation of 
Araucaria) and Placostylus snail, have been thi’ust to a northern 
refuge, while diminished temperature has probably extermmated 
others The Ai’aucana and iguanas, the fresh-water fish Osteoglossum, 
are examples of tropical austral forms of which a long list could bo 
compiled 

It is unlikely that the Antarctica that bore this tropical and 
subtropical assembly reached much more broadly to the Tropics 
than does the piesent continent. Had it done so, more traces 
would have been left of such extension in the South Sea Islands on 
the one side or m South Africa on the other. 

But if the subtropical flora and fauna had in the Tertiary extended 
unbroken across the pole from Fuegia to Tasmania, what then 
became of the ancestors of the present subaiitarctic and south alpine 
life ? Why were not these frigid forms driven from off the face of the 
earth when the heart of the Antarctic itself enjoyed a genial climate? 

The discoveiy by Sir E. Shackleton of a plateau 10,000 feet high 
near the South Pole suggests a solution of the difficulty. If such a 
plateau existed when the climate was at its warmest, then the tropical 
migi’ants could have found a congenial climate on the coast, while 
the aiicestoi's of the Kosciusko and Kerguelen plants and animals 
took refuge on the plateau heights. The inference is that such a 
plateau did then exist 

If the land connection between the Antarctic and Tasmania had 
broken clown durmg the warmest period of the interglacial phase, 
it would have isolated tho flora and fauna at a time when the cold 
elements were gathered together on the central plateau heights, 
whole the temperate and subtropical elements possessed the Antarctic 
periphery In that case the cold forms would have had no oppor- 
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t, unity to escape to the alpine stations of New Zealand or Australia, 
or to c’l^cupy tlie subantarctic islauda 
The Conclusion is tlierofore drawn that the land link was main- 
tainod duimg the period of refrigeration, and that from the Antarctic 
focus first the subtropical, then the temperate, lastly the alpine 
forms wore expeUed, each to gam a fresh footing m loivcr latitudes 
Possibly associated with tho formation of great ice masses, a 
paroxysm of thastrophic energy ensued Tins, which perhaps has 
not yet subsided, effected the destruction of tlie aiitaictic bndge, 
and to it ma}^ bo duo the recent disarticulation of tho Dominion, 
of New Zealand and the severance of Tasmama from its parent 
coutment, 

In the long perspective of past tune Antarctica appears to fade 
and form like a summer cloud, now extending a Imib, now shedding 
it, now resolving mto a continent, now dissolving mto an archi- 
pelago At present it hos dead and cold under its white wmding- 
sheot of snow By the hght of the magician's lamp we watch, the 
summer of the cycles dawn. The glow of hfo returns, tho ico mask 
molts, green spreads a mantle At last a vision comes of ripphng 
brooks, of smging birds, of blossoming flowers, and of forest glades 
in the heart of Antarctica. 

85360°— SM 1012 30 




TIIE ANTS AND THEIR GUESTS ^ 


By P E Wasmann, S J , 
Iqnahm College^ VoKenluiq, Holland 


[With 10 plains ] 

One hundred veara of biological investigation of aiita have passed 
since, m 1810, the Genevan Peter Huber published Ins "Rooherches 
sur les moDiu’g des Foumiis indigenes ” Thciefoie, since %ve cele- 
brate tins year a centenaiy of ant biology, let ua fiiat briefly leview 
the development of myrmecology Its character is a truly intei na- 
tional one, in that invesligatora of the most distinct countiies and 
nations have participated in it 

The diissificatim of ants, aheady founded by Latreille, i eceived a 
new impetus through Gustave Mayr about the middle of the previous 
ceutmy Toyard its completion August Porel, Carlo Emery, Ernest 
Audi 6, W. hi. Wheeler, Ruzsky,Saiitschi, and others have distinguished 
themselves, so that we now know more than 5,000 species and sub- 
species, living and fossil, in this family The anatomy of ants has been 
gieatly advanced through the oldei works of Meinert, Porel, etc , and 
particularly through the numerous pubhcationa of Chailes Janet 
Recently one has tunnecl also to the microscopic study of the devel- 
opment of the polar bodies within the eggs of ants However, that 
which interests us most here is the development of bionomica, the 
knowledge of the behavior of ants 

The work of the father of biological ant study, Peter Huber, has 
been successfully continued by August Porel and later by Rudolf 
Bruu m Switzerland, by Carlo Emery in Italy, by Sir John Lubbock 
(Lord' Avebury) and recently by Horace Domsthoipe in England, by 
Gottfried Adlerz m Sweden, by Ernest Andr6, H. Pi&’on, and most 
especially by Charles Janet in Ranee', in North America hy McCook, 
later on by Mss A Pielde, Miss Buclringham, and through numeroixs 
important works hy William Morton Wheeler, in Tunisia by F. 
Santsohi, m Algeria by V. Cornetz, m Russia by Karawaiew, in Japan 
by M. Yano, in Brazil by H. v Ihering, B Goeldi, and G. Huber, in 
Germany by Viehmeyer, Esclicrioh, and Roichensperger, in Belgium 

I Translate^ ty permission from 1- "■ 13111x01108 (August, IWO) 

Milmoites, vol 2, pp. 209-232 With >■ ’ > ■ > 
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by de Laimoy and Bondi-oit, etc The names of those investigators 
who have especially distinguished themselves in separate brni//ches of 
ant bionomics — the knowledge of the relation of ants to then- guests, 
the study of the mode of foundation of the ant colonies, the develop- 
ment of Social parasitism and of slavery, the investigations of the 
fungus gardens of the leaf-cutting ants, the construction of the nests 
of the highly interesting weaver ants, who use their larvss as weaver’s 
shuttles, etc. — are much too numerous to make their separate men- 
tion possible m this brief space 

Through its rapid pi ogress in all directions the modern study of 
ants has become on the one hand such a richly developed and richly 
ramified special science that it is no longer 25os3ible for the mdividual 
investigator to master the entire field Division of labor, therefore, 
more and more took place, particularly also in the investigation of the 
myrmecophilous Ai-thi’opoda, which demands the collaboration of 
specialists m the most distinct classes and ordeis of ai’thi’opods 

On the other hand the bionomic science of ants, particularly, has 
stepped forth from the coniines of a special science Comparative 
psychology has in an increased measure turned its attention toward 
the psychological valuation of ant activities The theory of descent 
has found among the ant guests a multitude ot mterestmg proofs 
for the formation of new species, genera, and famihes of msects 
through adaptation to a myraaecophilous life It has also found in the 
hypothetical phylogeny of social parasitism and of slavery among 
the ants one of the most instructive examples for the development of 
instinct. Social science has even made the attempt to find in the 
ant communities the prototypes for human social customs. But by 
all means it must be considered hero that the ants, in spite of the 
great analogy which shows itself between many activities of their 
soytal instincts and human, intellectual acts, are not miniature human 
beings. Scientific ant study has long ago withdrawn from the roman- 
ticism of huinaniaation and sees in the wonderful accomphahments of 
the little ant brain instinctive actmties, which, however, within cer- 
tain limits, are plastically modifiable through sensory experiences of 
the mdividual. Science can therefore neither accept the ants as mere 
reflex machmes nor as mtellectual miniature humans The truth with 
regard to the psychology of ants lies rather midway between these 
two extremes 

For lack of time I must unfortunately deny myself a more detailed 
development of all these highly interesting relations of ant biology, 
and must limit myself to placing before you, with the liel]) of sioicop- 
ticon pictures,^ some especially fascinating main, points in the life of 
the ants and of their guests. 


■ Of tie 40 photofixaphio lantern alidos of the lectore only a part 13 here reproduced 
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1 — OEGANIZATION OF THE ANT SOCIETIES 

The i^implo ant colony represents a familj’- in the narrower or wirier 
sense It comprises one or imno genoiations of the descendants of 
one or more females of the same species of ant The tribal mother 
is the fertilized queen, who has fouudeti the colony The descend- 
ants are inpait wingless forms of the female sox, the so-called workers, 
in part young wmged males and females, and m pint also others, still 
young, though aheady fertilized and dealated, queens. The worker 
cost may again divide itself into diifeieut forma, namely, into true 
worker’s and into soldiers, which latter are distinguished from the 
workers by the prodigious structure of their beads or mandibles 
Sohliers occm among our Palearctic ants only in a few genera 
(Colobopsis, Oataglyphis, Pbeidole) The woikeis themselves can 
again divide into large and small individuals, of which the former aie 
sometimes, as foi example in Camponotus, veritable giants m com- 
paiiaon witb tbe latter. Tins dimoiplusm is much fuilher developed 
still m exotic geneia, like Pheidologethon In some species of ants 
there are found at the side of the wmged females, winch shed then 
•wmgs only after panmg, wingless true females as w'dl, the so-called 
ergatoid queens A typical example of these, which w^as ah-oady 
known to Peter Huber, is offered by the amazon ant {Polyergus 
I'ufescens) (compare fig 8a.),‘ In the tropical legionary and driver 
ants (Eciton and Dorylus) even wingless females alone occur, and 
moreover of lolatively enormous size In some species of ants theie 
is even a manyfold pleoniorphism of the females winch finds expres- 
sion m diffeient transitions between females and workers Much 
rarer are the wingless, and then mostly woikeilike (ergatoid) males, 
they are known in but few species of ants, and occur either along 
with the normal wmged males or as the only male form An example 
of the last kmd is shown in the sinning guest ant, Formico^mm nii%- 
dudus (fig 1), where the males, on accoimt of their great similarity to 
the workers, remamed uimoticed 38 years, until Adlora discovered 
them m 1884. 

With many species of ants one can find several queens together in 
the same colony With oui' hill ant, Formica r-ufa, their number in a 
single nest may even reach toward 100 Furthermore, an ant colony 
may possess several nests, which ai*e sunultaneously or alternately 
inhabited. So-called seasonal nests, which are changed accordmg to 
the time of year, have been observed, for example, in Fomica sati- 
ffuinea and Pvenoh'pis longicovms. By tbe plmabty of queens in a 
single colony tbe ant states differ stnkmgly from tbe states of the 
honey bees. Tbe latter bear by comparison more a monarchical, the 
former a repubhean character, smee the queen with the ants forms 


‘The figures 1 to 33 are a^raugefi oa plates 1 to 10. 
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the center of the instinctive activities to a much less degree than with 
the bees The greater individual autonomy of the ant workers, in 
compaiason with those of the bees, rests jlerhaps in lai’ge measuio on 
then’ greater longevity, which in the Formica specios is generally 3 
years The duration of life of the queens may even exceed 12 years. 

Poljanorphisni forma, it is true, the organic basis of the ant 
socistiea, estabhahmg division of labor between the members of the 
same colony But the evolution of the orgamc-psychic potentialities 
slumbering withm the egg results through the nursmg instincts on 
the part of the workers What is intended to be a male oi a female 
appears, similarly as with the bees, to he aheady determined in ad- 
vance within the egg ^ But upon the differentiation of the various 
forms of the female sex nursmg has a determining influence From 
the fertflized eggs of one and the same Formica queen there may be 
reared either wmged females or wingless workers or intermediate 
fonns. Particularly those mixed forms designated as pseudogynes, 
which we shall find to be an effect of the Lomechusa-breedmg, offer 
proof of this explanation 

2 SOCIAL PARASITISM AND SLAVERY AMONG THE ANTS 

If the population of an ants’ nest belongs to a single species of 
ant it IS called a simple (unmixed) colony Jf, however, it is com- 
posed of different species of ants, we speak, according to Porel’s 
example, either of compound nests or of mixed colonies; in the former 
the ants only live side by side; in the latter they combine into a 
smglo household with common care of the young These are the two 
subdivisions into which the social symbiosis between ants of chfferent 
species divides. We shall hero only give our attention to the mixed 
colonies, and moreover with particular regard to the development of 
social parasitism and of slavery This is one of the most interesting 
chapters in the phylogenetic development of instincts m the animal 
kingdom 

Peter Huber had already discovered that in the colonies of the 
aangume ants {Formica sanguinea) and of the Amazon ants {Pohjergus 
ru/escens) there live in addition to the master species the workers of 
a slave species, which ai'e robbed as pupse by the former from the 
nests of the slave species and are then reared os auxihary ants. 
These are, therefore, slavemaking (dulotic) colomes But there are 
still other mixed colonies m which the auxiliary ants do not get into 
association with the master species through capture; these range 
among the social parasites Since Chaides Darwm (1869) diverse 
hypotheses on the origin of slavery have been proposed. Recently; 
by employing the phenomena of social pai’asitism for compari''on, 

» TJjatTOtonJymaleabutftlso workeraorlglnatefroni partbofienetlo sggs CHeiCj.aitwi.CoiLiCOCJs, otc. 
In Lasius, Tannar In Atta), is In any case a rare exoeptloii. 
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some liglit at least has been shed upon tins interesting problem. 
All inv^tigatoi’s agree that the phylogenetic history of social para- 
sitism a&d of slavery in ants does not represent a simple imo of devel- 
opment, but a mmiber of dilferent, parallel Imes independent of each 
other But upon the closer relations between social parasitism and 
slavery the views deviate from each other You will theiofore excuse 
it if hero I follow only briefly my own tram oi thought, as I have 
explained it more fully in the Biologisches Centralblatt, 1909d 
Let us begin with the dependent foundation of colonies and its 
relation to .social parasitism and to slavery in Formica The orig- 
inal method here also — as with ants in general- — must have been the 
independent foundation of colonies, as, for example, we fmd it to-day 
ill the fusta gi’oup Here the females (fig 5a), after the marnage 
flight, are able to fomid their new colonies mdopendeutly, that is, 
without the help of the workers How have social pai asiiism and 
slavery arisen from this root? The first step piobably consisted m 
the transition to an acervicolous Me in the workers, through ivhich 
the colomes became richer m mdividuals and could control a larger 
area surrounding their hills, as we see it m the mfa group Thereby, 
however, the opportunity was offered to the females to fotmd their 
new settlements with the help of workers of their own species As 
a second step in the parasitic and dulotic du'cctioii then followed, 
through tins same means, in the females of the mfa group, that they 
abandoned the independent foundation of colomes and became de- 
pendent upon the assistance of workers, therefore passing over to the 
dependent fomidatiou of colomes. It is m any case a remarkable 
phenomenon that all jiai-asitic forms of Formica, of the Old "Woild as 
well as of the New, are acervicolous and belong to the rufa. group 
or stand m nearest relationship to it The lattei is also true for the 
dulotic sanguinea gi’oup, which is connected with the mfa group by 
morphological transitions In the mfa gi'oup we have, furthermore, 
biological transitions fiom the facultative mode of social parasitism to 
the obligatory. Formica mfa (fig. 2) and F p’oiensis found their 
colomes mostly with the assistance of workers of their own species, 
only facultatively with strange auxiliary ants {F fusea, fig 46). 
With Fortmea tmncicola (fig 3), F exsecta (fig. 4a and 56), and F. 
pressilalris m Em-ope, as well as with Formica consocians and a senes 
of other North American forms discovered by Wheeler, the latter mode 
of colony foundation is already obligatory 
With several North American parasitic Formicas described by 
Wheeler, as well as in our Formica exsecta (fig. 56) and F, pressllalris, 
the small size of the females is strildng and already represents a 
fuither step in the advance to pai’asitic adaptation, while for example 


^ i tJebsrdea Urspnmg des sozlalon Parasltlsmus, der Bklaverelimd der Mynnfioophllle belden Amalsen, 
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in Formica rufa, F. fratensis, and F, etsectoides the females are very 
lai’ge and do not yet show any trace of parasitic modification All 
the Formica species just mentioned, whose females either laculta- 
tively or obligatoidy found then.’ colonies with the aid of the workers 
of an alien species of auxihary ant, form only temporaiily mixed 
colomes After the death of the origmal auxihary ants — about three 
years after their foundation — these colonies agam become simple, 
unmixed ant colomes and as such may still continue to mcrcosc for 
decades Permanently mixed colonies we find, on the contrary, with 
the diilotic Formica species, which, after the dying off of the origmal 
auxihaiy ants, piocure new ones for themselves by the capture of 
pupie How do these foims Imk with the preceding and especially 
with a i'ufa-hke initial stage of social parasitism? 

When with a large strong acervicolous species of Foimica, which 
had already passed over from the independent to the dependent 
foundation of colonies, a change occuis in the mode of nutrition of 
the workers, conditioned by climatic changes,^ so that it lives more 
and moie exclusively by preyuig upon insects and furthermore par- 
ticularly upon the pupte of strange ants, then the basis is offered for 
the ongm of slavery, for provision is already made, through the 
dependent foundation of these colonies, that among the captured 
strange pupie precisely those of the auxdiaiy species shall be reared. 
Even. Formica, truncicola and F exsecta, which m nature are not slave 
makers, in those of their colomes which have agam become sunple 
retam the mclmation to rear the worker pupje of the species of their 
former auxdiaiy ant, if they are given them m artificial nests, whde 
they devour the pupse of other alien species or at least kill the work- 
ers emerging from them. The ongm of slavery m a Formica form 
hke F. sangumca (fig 6) depends, then, upon two agents (1) Upon 
the dependent foundations of colonies by thoir females with the assis- 
tance of a strange species of ant, (2) upon the mclmations of thoir 
workers to capture strange pupte as proy Accordmg to this view 
the hyjiothetical ongm of slave makmg -vvithm the genus Formica 
is thus to be followed back to a common root unth tho ongm of 
social parasitism within the same genus, namely, to an incipient 
stage of dependent foundation of colonies which is to some degree 
comparable to the piesent state of F raja In any case, theinclma- 
tion to prey upon pupae does not m itself suffice to 
of dulosis m Formica or m any other genus of ai - n ; , ■ > i 

many species of ants, especially in the subfamily Uoryimse, wmeh 
pillage the pup» of strange ants and notwithstandmg do not rear 
slaves from them, because precisely the first of the* two above-named 
agents, the dependent foundation of thoir colonics by means of an' 

* How the cliango ol a Joiost climate to a prauie olimatB can offer tSls occasion, T have shown especfaliy 
for JFormlca sanguinm 
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auxiliaiy species, is absent Hence, the main question in the expla- 
nation of slavery is not Why does this species of ant in question cap- 
ture swange pupae as prey? but. Why does it loai auxiliaries from 
them? This second question remains also unsolved if one (ivitli 
Emor}’’ and Viehmoyei) attempts to derive dulosis directly out of a 
“prumtive piedatory female state," foi which, moi cover, an}" sup- 
poitnigfacts are wantmg, for, as Emery has huuself hist shown (1909), 
the present-dav parasitic and didotic ants are to be phylogenetlcaUy’' 
derived from then piesent-day auxiliaiy ants, there, howevei, we 
find nowlieiesuch prumtive predaceous females, hut indeed mamfold 
conditions ol dependence in the foundation of colonies by one species 
upon those of another species Let it he, moreovei , expressly remarked 
that the hypothesis of the oiigm of dulosis in Foiimca can not he 
simply extended to the other didotic gcnoia of ants, for example, 
among the myimicmes Other reciprocal relations, also, than those 
of facultative social parasitism, may there have led to the origin gf 
slave makmg (Harpagoxenus-Leptoihorax). In any case, tlie ongin 
of slavery can not be explained through the aceidoiital survival of 
captured ant pupas -withm a strange nest (Oh Dai win) 

Probably staitmg from a sanguinea-hka state, and imked phylo- 
genetically with the development of dulosis within the genus For- 
mica, the genus Polyergus represents the culmination of the slave- 
malving instmct withm the subfamily of Camponotmi If we com- 
pare the mandibular structure of the European amazon ant (Polyer^ 
gus rufiscens) with that of our Fornaca sanguinea (fig 7), a remark- 
able difference is shovni Formica sanguinea (fig la) has normal 
triangular mandibles with a toothed inner uinigiu C'Kaurand"); 
Polyergus, on the contraiy (fig Ih) has naiiow, shai-ply pointed 
sickle-mandibles In these morphological chstmctioiis the difference 
m the dulotio instmct of the two is also expressed- Formica sanguinea 
IS at a more primitive stage of the development of that instmct; and 
It IS oven developed to a different extent m the different North 
American races of this species, as Wheeler has pai'ticnlarly shown. 
F sanguinea keeps comparatively few slaves, can even dispense with 
them entirely, and is not dependent upon them The amazon ant, on 
the contrary, in its European and in its North American races, stands 
at the apex of dulosis, exists only by the capture of slaves and in 
that connection develops the most brilliant warrior talent that we 
know m the entne animal kingdom. Its mandibles are modified to 
be solely weapons for kdhng and axe unsuited for d — r.-— -.r 
tions ; furthermore it has even lost the instinct of fee - 1 a ‘ d 

must be fed out of the mouths of its slaves The excessive deveiGp- 
ment of dulosis is here already connected with chstmet character- 
istics of parasitic degeneration Its mandibular structure giveS' ex- 
pression to both sides, the light and the shadow of its organic aiid 
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psyciic development. The frequent appearance of a wingless female 
form, so-called eigatoid queens (% 8a), points, furthermore, t^vard 
the begmiuiig of inbreodmg, although the noimal female form is still 
always more numerous than the ergatoid, 

With the genus Polyeigus the development ol dulosis within the 
subfamily of CamponotiiuB is concluded Lot ua therefore now turn 
to the Myrmicinie An entirely isolated position is occupied by the 
European and North American genus Harpagoxenus (Tomognathus). 
Veiy likely it is to be phylogenetic ally derived from the genus of its 
auidliai-y ant Leptothorax; the males are haidly distinguished from 
those of the latter The Euiopeuii Jiarpagoiams sublssms (fig. 9a), 
which formerly ivas considered to be a strictly boreal foim, has also 
been found m Saxony by Viehmoyer , he also there discovered winged, 
normal females, liesides the aheady known cigatoul female form (fig 
9a), which appoai-s to be the only one in Scaiidmavia Probably 
Iliir^iagoxemia ongmally aioso tlnough a mutation of female forma 
in a parent siiccies belonging to Lepto thorax. This does not exclude 
the possibility tliat it later may have lived in compound nests 
together wnth its present-day auxiliaiy ant (Wasmann and Vieh- 
meyer), before it arrived at dulosis 
Anothei line of development of the slaveiy mstuict among the 
myrmicines is formed by the genus Strongylognathus, which probably 
must be deiived from the genus of its auxiliary ant Tetramoriiim 
The southern species of this Mediterranean genua are stdl powerful 
and populous slave raidei-s, which, are able to procnie the pupee of 
the species of then auxiliaries {TeiramoiHum ccespitum) by force The 
northern species, Strcmgylognathus iestaceus (fig 10), which occui's m 
mid<Uo Europe as far as Holland, has, on the contrary, passed over 
to ]iormanent social parasitism in that its colonies haibor, besides 
the workeis, also a female of Tetramorium, which is furnished them 
by the now auxilianes The workers of Strongylognathus testaceua 
no longer undertake slave raids, they are likewise too small and too 
few in numbers for this puipuso Probably it was the northern oli- 
matic cotiditions which m this case externally cauosd the change 
from dulosis to permanent social parasitism, for when a southern 
slave-capturing ant penetrates nuithward, its slave raids, the execu- 
tion of which 13 restricted to a certain optimum temperature, become, 
constantly rarer and finally cease altogether. In Strongylognathus 
iestaceuSf in connection herewith, the size and the number of worker 
individuals, have also sunk considerably, all indications of a parasitic 
degeneration of the species. The sabre-shaped jaws of this small 
ant are, ns it were, no longer more than phylogenetic mementoes of 
its brilliant dnlotic past. The previous history of the genus Strongy- 
iognathus up to that stage where the southern slave-making species 
still stand to-day, is just as problematical as the future further devel- 
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opment of social parasitism in tlio northern species; we can only 
supplement both conjecturally, the former through comparison with 
Polyergus among the campono tines, the latter through comparison 
with the workerless parasitic ants, to which we will now pass on 
When with a formerly dulotic species like Strongylog-mtlms iestaceus, 
parasitic, degeneration piuceecls fiuther, its own woikoi form \cill 
finally become completely extinct and will be replaced by that of the 
auxihary aiit, so that the one-tmio mastei species contmues to exist 
only as males and females Wo know a consideiable numbei of 
such woikei less paiasitic uiits from the paieaictic and nearctic regions, 
lecently also one from the East Indies (W7ieelmeIIa Wronglitoni Foi ). 
One ol the jialcaictic species, WTieelenella SaiitscKii (fig 11), has been 
discoyeied m Tunisia by Santschi ivitinn the colonies of Monomorium 
salomonis and possesses, as also the Noith ^.Vmencan genera Epoecus, 
Sympheidole, and Epipheidolo, \raiged, still fahly noimal, sexual 
forms Upon the lowest level of degenei ation, however, stands our 
little, black parasitic ant Anergaies atmiulus, living with Tetramonum, 
and whose males (fig 12) are inipa-like, and the fertilized females 
of which, to impede tho extmction of the species by then fertility, 
have developed an enormous physogastry But for none of these 
workerless parasitic ants can wo prove with certamty that their para- 
sitism has spiung fiom a former dulosis. Theie are still three other 
ways which theoreticaUv lead to the same goal, namely The further 
development of a foimer temporary parasitism, the parasitic degen- 
eration of a loimer guest i elation, and finally the lelaliveiy sudden 
(mutation-lilco) appeal mice of a new dimorphism m tho female 
(and later also in tho male) of the foimer paient foim and present 
auxiliaiy species. In those cases where, for example as m Sym- 
pheidole, Epipbeidole, and Epixenus, tho parasitic genus is very 
similar to the sexual foims of the host genus, the last explanation 
should even be the most probable This is also veilfied through 
the discovery in Poitugal of a new parasitic Pheidole species, 
PJi symhiohcG, whose males and ergatoid females live in the nests 
of Pheidole pallidul<i In the latter cases we have to assume a 
relatively lapid origin of the workerless parasitic species, as this 
has probably never (since its separation from the parent species) 
possessed a worker form of its own, and therefore also needed no 
tune to "lose” it. In other cases, however, where the parasitic ant 
depaits very widely from its present auxihary species and pre- 
sumably foimer parent species, there was probably a longer course 
of development necessary, connected with a real dying out of its 
own worker form. This applies, for example, to Anergaies atratidits, 
for which genus we can only conjecturallj’’ assume Tetramorium as 
parent formj and for which it is not at all so unlikely that it sprang 
from a former dulotic form by an intermediate stage smnlar to that of 
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the present-day SfrongyJognath.us ie^taceus — -the more so as Strongr- 
loHiiathus lives with Tctiamornim and is to he denvod fro/i this 
same gomis But m the jneantmie moro than conjectures are not at 
onr command for the phyletic histoiy of Aneigates 

The investigations hithoito jiiado concciiimg the hypothetical 
phyletic past of social parasitism and of slaveiy have m any case 
Jed to the recognition that this histoiy foum only an ideal unit, but 
lu reality is composed of a multitude of leally distuict Imes of de- 
velopment, winch, m diifcreut genera and species ui the different 
subfamilies of ants, have begun at diffeient tunes and up to the 
piesent have progiessed to different points The moro we succeed, 
by means of new obsei vutious and evpeiimeuts, iu establishing these 
separate linos of ongin, the more wo will also pioceed ui our general 
knowledge of phylogenetic connection between parasitism and slavery 
among the ants. Just as in the moiphologico-paloontologicai domain, 
so also here a true eunclmient of our knowledge is not to be ex- 
jiected from general theoretical i eflections, but fiom critical detailed 
investigations 

S-TRUh MYRMECGPHILY ^SYMPHILY) 

While the living togethei of ants ot ditlcient species comes under 
the concept of social symbiosis, then association witli nonaocial 
animals, pniticularly with other arthiopods, is designated as mdi- 
vidual symbiosis Thoiefoio we are to deal heie with the so-called 
ant guests or myrmecophiles from other families or orders of msects 
and of the i emauimg arthropods The number of normal ant guests 
in 18!)4 alieady amounted to about 1,200; to-day we may estimate them 
at more than 2,000. Their relations to the ants are very various and 
may be divuded into five main classes, which, however, are connected bv 
many ti ansitions W e distmguish symphiles or true guests, synosketes 
or iiidffferently tolerated tenants, synechthrans or actively pursued 
tenants, fiuthoimore paiusites (onto- and ectoparasites), and finally 
trophobzonts or food-proiluoing animals of the ants I shall here 
only bnclly enter into the fiist of these classes, because wa shall 
afteiwaids become acciuauited with many an interestmg staphylmid 
in connection vnth the legionary ants, and particulaily for the reason 
that Mr. Donisth()i]>e is to deliver a lecture on the mdigenoiis ant 
guests. 

The true ant guests (syinphffes) are hospitably cared lor by the 
ants on account of certain exudations, which are volatile products 
of the fatty t;js3ue3 (in the Loinechusim) oi of adipoid glandular 
tissues (Clavigerinm, Pauasidaa, etc.), while with the physogastrio 
teimite guests the blood tissue is the principal exudating tissue. The 
external exudatorv organs are veiy diversely developed; yhUow 
hair tufts, dermal pores, dermal cavities, etc., at which the hosts lick 



ASTTS AWD THBIB GUESTS — WASMASTlff. 


465 


tlieir guests. The exudations of the true guests, as, for example, 
the sfij^charm coiitaming secretions of the aphids, do not appear to 
be a food for the ants, but only an agreeable stimulant 
Among the myimecopliiloua Coleoptera there are thi-oe piincipal 
groups winch are prominent on account of their true guest relation 
to the ants: The Lomechusim among the Staphyhiudoo, the Clavi- 
germse among the Pselaplml^, and linaUy among tlio PaussidEe by 
far the majonty of the genera from Plenrojiteriis to Panssus The 
remaming sympliiles among the Coleoptera I do not mention hero. 

a The true guest lelation is most Inghly developed with the Lome- 
chusmi, m so far ns these beetles are not only licked by their hosts 
(first step), but also arc fed regularly from then mouths (second step), 
and finally also the laivse of these beelles are i eared by the ants like 
their own brood (third step) The largest representative of the Lonie- 
chusini is the European LomecTivsa siramosa (fig 13), which lives 
with Fot'mica sanguinea as its single host and also has its larvae 
(fig. 14) reared there These latter, although they possess six legs, 
imitate in then’ attitude the immovable larvaa of the ants and are 
fed by their hosts hke the ant larvae, mdeed even far more eagerly 
than these Beyond this, however, they feed themselves, particu- 
larly in earhest youth, from the eggs and young larvEe of the ants 
and devour them m large numbers, on this account they are in fact 
the worst enemies of then’ hosts. The species of the genus Atemeles 
are not, hke Lomechnsa, lestricted to a single host, but regularly 
have two hosts Burmg autunm and winter the beetles live with 
the httle red ant, Myrmica, and then in the spring, at the time 
of propagation, pass over to Formica, where they have their 
larvte reai’ed, and fmthermoro every Atemeles species or race has a 
defimte Formica species or race as larval host The double host 
relation of Atemeles postulates a much higher degree of initiative of 
these beetles toward the ants than we find vath Lomechnsa The 
Atemeles, by ‘‘active mimicry,” mutate the behavior of the ants to 
a' high degree, particularly in demandmg to be fed (fig 15). The 
damage which then larv® mfiict on the Formica brood is similar to 
that of Lomechusa. In North America the Jhomechusmi are repre- 
sented by the genus Xenodusa (fig. 16), the species of which have a 
double host relation, like Atemeles, but with Camponotus os second 
host in place of Myimica Then krvai are reai-ed with Formica at 
the expense of the brood of the ant, as in the above genera. 

How seiiously the Formica species are harmed by the larvse of 
the Lomechusim la also shown by the fact that through them con- 
tinued rearmg the normal brood-nursmg mstinct of the ants is 
pathologically altered — ^namely, in place of true females they rear^ 
malformod individuals, intermediate between workers and females, 
the so-called pseudogynos, which are perfectly useless for the ant 
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cottijuumt-y Tliey are worker-liko forjns with inflated humped female 
mosonotiim The real mg of pseiidogynes occurs most freououfly 
With our Formica savqmn&.i (fig 17, a worker, h pseudogyne); which 
rear the larviu of the single-hosted Lomechusa strumosa Ileio, too, I 
was able to prove by the statistical method the connection between 
the rearing of the adopted laiva; and the formation of pseudogynos 
The rearing of the lai vai of Atemelos and Xenodusii leads to the origin 
of pseudogynes less frequently because these beetles, m consequence 
of them double host relation, do not always get back mto the same 
individual Fonnica colonies in which they have themselves been 
reared Through the increase of pseudogynes within a nest the 
destruction of the host colony is finally brought about Therefore 
the avowedly so ‘ mtolligent” Forunca m fact actually real, m the 
larvfe of the Lemechusmi, thoir worst enemies 

When, howcvei, iv'e follow the phylogenetic development of sym- 
plnly, in which aimcal solecizon, that is, the instinctive selection prac- 
ticed liy the ants toward tlieir guests, plays a large rdle, we must even 
say; In the Lomechusini the ants have brought up foi themselves 
thoir worst enemies ! To enter more closely into the psychological 
and phylogenetic jihases of this interesting jiroblem hoie the short 
time unfortunately prohibits 

h The lolations of the club-horned beetles (C'lavigerinse) to the 
ants are much more harmless The beetles are eagerly licked by 
their hosts and fed from their mouths, but do no haim to the ant 
brood, although they sometimes gnaw at diseased or wounded laiw®. 
We aheady Icnow, principally through Eaffray’s worlis, 40 genera of 
Clavigeriuffi with far above 100 species The habits of our little 
yellow Ghriffer testacem have become very well loiown since 1818, 
and yet the laiwro of all the Clavigennse are still undiscovered A 
pK-ture of the adaptation al characters of these beetles is offered by 
the gigantic cfiib-hornod beetle, 4 mm. m lengtli, from Madagascar, 
Mnochnger cmu'omns (fig IS), whicli, besides a largo abdominal 
cavity, shows richly-developcd yellow tufts of hairs on different parts 
of the body 

e. Tlie beetle family Paussidee, which is so rich m diversity of form, 
is very fruitful for the study of myrmecophiloiis adaptation, but 
hero can be treated only very briefly Aheady in the Oligocene of 
the Baltic amber wo find six genera, of which three (Pleuropterua 
Pausaoides and Paussus) probably at that time aheady belonged with 
the true ant-guests, while two others (Artliropterus and Cerapterus) 
in their representatives of our tune still show tho primitive u^’Otective 
type. Among the present-day genera we aho.rivlivd vajqilulou . dnu - 
acters m Pleuropterus (fig. 19), in spite of tJw siill J ()-jointed fiiuenjm 
in that the cavities of thepronotum and of t'lf' ha.ic-. oi ) ho oh I "d ■..ervo 
as exudatory organs With the furtliei development of symplnly m 
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the Paussidffi there is remarkable a progressive reduction in the num- 
ber of antennal joints At the highest step, m Paussus, the antonnoe 
are only 2-jointed and the antennal club assumes the most diverse 
forms, ^ among which the conch shape stands in the most intimate asso- 
ciation with symphily. A fine example of tins is oh’eied by Paussus 
Jiowa (fig 20) from Madagascar, which lives ivith Ischnomyrmex 
Swammenlami. Witlun the inteiior of the conch-shaped antennal 
cup there lies a great laj^er of glandular cells, as it is shown m the 
accompanjnng section of the antennro of Paussus cucullatus (fig 21). 
But also beneath the frontal pores, beneath the pronotal pits and m 
the pygideal region theie is found adipoid glandular tissue m large 
extent, and vnth many Paussus the sympliilous trichome structures 
(reddish yellow ham tufts, etc ) are also richly developed in the most 
diverse maimer and on the moat diverse parts of the body-^* In 
spite of the lugh development of then exudatoiy organs, the Paussus, 
as far as is at present Imown, are only heked by the ants, not fed 
from their mouths, they live rather predatorily upon the ant brood. 
The larvoB of Paussus (of P Kannegieten) , described for the first time 
with certainty b}’" Bovmg, are likewise carnivorous, although their 
physogastiy and the glandular tissues at the tip of their abdomen 
point surely enough to an mcidental true guest relation. 

4 —MEANS OF PROCURING FOOD AMONG THE ANTS 

The means employed by the ants to procure food are more 
diversified and offer more analogies with human husmess activities 
than we find anywhere else m the animal kmgdom. For many of 
onr native ants the prhicipal source of food is the keeping of “cattle," 
that is, the occupation with plant lice and scale insects, which in part 
they visit outside the nest and partly keep withm their nests, and 
which they induce to give off their saccharme excrements by stroking 
them with the antennae (“milking"). The honey-secreting cater- 
pillars of some hntterflies, too, particularly from the family Lycte- 
nldo), are used similaily by native and tropical ants as “cattle," and 
also tropical Homoptera larvee frimish a rich contingent for th^ 
purpose Certain native ants (for example, Lasiusfiavus) even keep 
the eggs of the plant lice ^vlthm their nests during the winter. Fur- 
tliermore, withm six different genera of different parts of the globe 
there aie honey ants which feed up a worker cast into hvmg “honey 
pots," from whose crops, in times of drought, the colony procures 
its food. The classical example, already described by McCook, is 
the honey ant of the Garden of the Gods in Colorado (Myrmeco- 

1 Species wltli leatloullform. antemwl olub, Itto P arabkua and P. PMieri, according to EeoSerioli's 
observations, stand on a lower plane 0 / symphilr than P. turdcus, which has a conoh-shaped antennal club. 

s On the exudatory organa and exudatory tissues of the Pnussldae see “Zur nlihercn Komitufes des echten 
Gastyerhilltnlssss" (Biol Centralbl , 1903) and “Modern biology and the theory of erolullon (London, 
1010), p iiiU. 
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eysfm ’JioHtdeorum) . Other ants, again, are harvesters, -who col- 
leot supplies of seeds and store them away in the grananes of 
their nests. For over 100 year’s the account in the IIolj Bible 
of tho haiwesthig ants of Palestine was supposed to be a fable, 
until, through the observations on the genus Messor in the Mediter- 
ranean region, it ivas gloriously veriTied. Recently Neger has even 
found that 2Iessor harbarus works the seeds over into a kind of ant 
broad. The classical “ agricultui al ants" of North America belong 
to the genus Pogonomyrrnex, and, although the exaggerated roman- 
ticism of the “ agricultui o" of Pog. bai'batus has been destroyed 
by Wlieeler’s critical mvcstigations, yet the habits of these har- 
vesters aie still very interesting Even greatoi interest has been 
excited by the fungus giowing ants, particularly smce the researches 
of klolloi (1893). The habits of tlie American leaf-cutting ants, 
from tho group of Attuii, has been thereby placed in a new hght, 
especially since, tlirough the observations of v. Ihermg, E. Goeldi, 
and particularly Jacob Huber (1905), we are also informed regardmg 
the ingenious mannei m which the queen of Atta sexdem starts and 
culUvates tho new fungus garden, when, after her marriage flight, 
she founds her new colony. That in this apparently highly mtelli- 
gent ''cultivation of vegetables” by tlie ants wo are dealing ivith an 
hereditary nistuict, IS verified moreover through the analogy with the 
fungus groiving of the termites, among whom tins custom, particularly 
in the large genus Termes, is still more widely prevalent, although 
the termites stand psycliicallj’’ below the ants A damty fungus 
garden, of the size of a walnut, from the nest of a small guest termite 
{MiCP0ter7nfs fflobicoh.), which lives m the hiUs of Termes Redem-amn 
in Ceylon, is shown in the accompanying enlarged illustration (fig. 
2^). Many other ants, finally, hve by the hunt, particularly for 
insects. With our large lieap-building lull ants (Formica rufa and 
F prateims) this means of gniiuiig a livelihood is truly enough only 
secondary in conipnrisou with the visits to plant hce and scale in- 
sects, In any case it is impoitant enough to place these and other 
acervicolous species of Foimica of the ru/a and exsecta groups as 
eminently “useful” under the protection of forestry laws. The san- 
guine robber ant (Forniicn san-guiTiea) even occupies hemeif almost 
exclusively ivith huntmg, and leaves the cultivation of plant lice to 
her slaves 

Butr the carnivorous hunting ants are far more numerous among 
tho tropical and subtropical species, among the Ponerinse (Lobo- 
pelta, etc.), and most particularly among the Dorylinse 

6.— THE DORYLINiE AND THEIR GUESTS 

The subfamily of Roryliare comprises the huntmg ants, which, 
partly above ground and partly subten'aneanly, go about in quest ' 
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of prey and therefore are mostly restless wandeimg ants. They are 
the scourge of the host of lesser animal hfe in the tropics. They 
lack ccmposite (reticulate) eyes; m their place there are simple 
ocelli, which, however, are fiequently ludimontary or rhsappear 
altogether. When these arc wcU developed, as for example in 
Eevton Burchelli, they can even distmguish colors, as follows from 
the comparison of the coloration of their guests * Nevertheless the 
doryhnes, on account of their laids, depend upon touch and smell to 
a still higher degiee than the other ants. Most of the Eciton of the 
Neotropical icgion, legionary ants, under take their himtmg expedi- 
tions, already mentioned by Rengger, Belt, and Bates, in great armies 
above giound, hkewise the Anomma of Africa, already observed by 
Smeathman, which cany on their hunting dnves for all small animals 
m frequently gigantic armies, on which account they have been given 
the name “driver ants ” Anomma is a subgenus of Doiylus, tho 
species of which, on accoimt of carrying on their hunts above ground, 
are mostly dark colored, but whose pale colored alhes (Dorylus, sensu 
stricto), as well as those of the genus ASmotus, hunt subteiTaneanly. 
The tnmorphism of the worker form of Anomma Wilverthi is to bq seen 
from figure 23. To bo sure it is connected by mtermediate fonns. The 
smallest worker form, on account of the reduced number of antennal 
joints, might be taken, if one foimd it alone, for a different genus 
As well with Anomma as with Eciton two kinds of aimies are to be dis- 
tinguished, foraging armies and emigrating armies Only with the 
latter are the gigantic, entirely wmgless females and the likewise very 
large, often de-alated males earned along; with Anomma they are 
transported across open expanses only within covered tunnels In 
emigrating to a new hunting region a new nest is occupied (V osseler 
m East Africa and Luja on the lower Congo), which for weeks serves 
as a base for the foraging expeditions That these nests contain 
a fauna of guests,^ principally beetles, which live from the prey of 
theiT hosts, can estrange but little. But that these ants are accomi- 
panied on their huntmg expeditions by a host of guests, particularly 
of the family of short-winged beetles (Staphylinidro), is the more re- 
markable, as one would suppose that the hunters would at the start 
seize upon this readily available game. And yet the Eciton of Amer- 
ica as well as the Anomma-Dorylus of Africa possess the largest 
number of guests of all tropical ants! 

The theory of descent to some extent explains this liddle. The 
greater the necessity for adaptation in relation to a certain enemy is, 
the greater ■will also be — supposing the capabihty for adaptation, 

T)lf ;'STi hl'c'ir ' rlibigl'i'' *oti del Vmci<cn,2cd 1"'0 ChaptarVr 
> 'I'.n I'LiC'i'i uf I a o' i -u)rr "n UUi'rG’, b Lujft has found ih several nests near Konduei 

arestlU w be desenoad ' 

,86360“'— SM 1912 31 
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•which in. the StaphyUmd© is a vciy extensive one — the frequency 
and the height of adaptation iTrorn this is to be understood, not 
only the large iiumhoi of doiyhne guests among the Staphymides — 
up to now about 40 genera have been desciibed — but the high degree 
of adaptation, as well, which many of them show 

Thice piincipal moiphologico-hiologieal adaptational types meet 
us hero: Thesymplnlo typo, the nunnery t 3 T)c, and the protective type 
The first makes the guests agreeable to then hosts through exuda- 
tions, the second simulates to them their own kind, the thud makes 
them unassailable to the mandibles of the ants These three types 
of adaptation occur also wnthothei myimeeophiles, but their develop- 
ment with the of the foraging ants is a pecuhar one, corre- 

aponchiig to the ehaiacter of the hosts, and besides it is a very 
snmlar one m the neotropical Eciton gnc'^ts to that in the African 
Anomma guests, although the genera which represent these types in 
the two hemispheies do not stand in any closer systematic relation- 
ship to each other. Their similarity therefore lests upon convergence 
as the result of smnlar conditions for adaptation 

The principal representative of the symplule type of the Anomma 
guests of ilfrica is Sympolemon anommahs, the "war companion of the 
driver ants” (fig 24) The slender form of its body is conditioned 
by its maiinei of locomotion as companion of its rapidly iTinmng 
host. It moves even more rapidly than these, m that it uses its 
abdomen as a propelhng spimg, to shoot ahead ■with the speed of *au 
arrow, as an observer (F, Hermann Kohl) expresses himself Series' 
of sections of the abdomen disclosed to me the mechamsm of this 
propelling spruig. We see in the sagittal section how the chitmous 
hoops project mto the lumen of the abdomen and seive as surface of 
attacliment for strong bimdles of muscles (See fig. 25) On the long 
legs the feet (tami) are rudimentaiy and transformed mto shpper- 
like, densely hairy stiuctures, which seive paitly as claspmg organs, 
but partly also represent an analogy to the plumed feet of the prairie 
fowl (Syrihaptes) Among the Braxdion Eciton guests Ecitogaster 
is mc>st similar to Sjnnpoleinon m form of body and structure of 
anteimffi Also, the structure of the tongue of both indicates that 
these guests aie fed from the mouths of their hosts 

Most remarkable is the mimicry type of the dorylme guests. It is 
primarily a "tactile mimicry” which appears to be calculated to 
deceive, passively and actively, the tactile sense of the antermse of 
their hosts 

Tile passive decejition is brought about by the similarity of form 
of the separate body segments of the guest with those of the host, 
the active deception through the similarity of antennal structure 
between guest and host This mimicry reaches its highest degree in 
Mimeciton (fig. 26) among the ecitophilous Staphylinidso and with 
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Dorylomxmiis (fig 27) and especially with ilimanomma (fig. 27a) 
among the anommatoplules. In these genera no legitimate similarity 
of coloriJtion between guest and host exists, because tho latter pos- 
sess only rudimentary ocelli (Eaton prifdator) or liavo no eyes what- 
ever (Anomm/i, Wilvertln and A SjostedU) Jn tho guests of such 
Eciton, however, as have -well-devolopi'd ocelli tlieio ih furthermore 
added to tho tactile mimicry a very exact sinulanty of coloration of 
the guest with tho same size woiker-form of the host, foi example 
inEcitophva (fig 28), Ef itomorplia, and Ecitomdia 

At the liighcst stage of the mimicry tyjio, m Miraanomraa, Mime- 
citon, Doiylomimus and Ecitophjm, mimiciy oven forms tho foun- 
dation for a tine guest relation; this has even been established by 
direct observation for Dorylornimus Kolih (F Kohl) 

An analogous tactilo mimicry to that with the ecitophilous Staphy- 
linidie is found also among the ccit opinions Proctotrypidm (Hymen- 
optera) m the genera Mimopiia and Ecitojina 

The protective type of the New World Eciton guests is represented 
prmcipally by the genus Xenocephalus (fig 29), m which the head 
and the extremities are covered by a protecting roof Among the 
Old World doryline guests we meet an analogous, but less perfect, 
protective type in Pygostenus and related genera. The highest devel- 
opment of the protective type of dorylophilous Staphylimda3, however, 
is reached m the genus Trilobitideus (fig 30), standmg entnely iso- 
lated,^ and of which several species live with Dorylus and Anomma; 
a flat, leaflilie form of body fitting closely to tho ground, which is 
furthermore covered inlh conical humps on the upper surface. Wlien 
a foraging ant seeks to giasp this guest vith lier mandibles she can 
only seize him at one of the humps and at the most liurl him away, 
if her mandibles do not at once glance oh The insect, in which not 
even elytra are present, resembles rather a siiphid larva than a full- 
grown beetle Unfortunately we must hero be content with these 
few examples from the extraordinarily rich field of the adaptational 
chai'acters of the doiyline guests 

6 —NEST BUILDING AMONG THE ANTS 

An ants’ nest is an irregular system of passages and chambers, 
which serve as the home of the ants and their brood , it is no highly 
finished structure like the bee comb, and on that account is of no 
rigid pattern, but capable of an almost unlimited adaptability to the 
most diverse materials and locations Beginning ivith the minute 
hollow in the earth or crack in the bark, measuring but a few milli- 
meters, to the large domes of our hill ants and tho still more 
extensive nests of some of the lai’ge Atta of America, we find all 

iQOlte rec«litl7 e new gepHSj thyUodinerda, louad with Anoninut in XnmenUi, proven tlia 
affinity of Trilobltldena with the Aleooharlaei ^ 
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transitions in tlie size of an ants' nest Likewise there is hai'diy a 
location whore ants can not establish their nest, hardly a material of 
which it can not consist. Thiough Ford and other investi^atois the 
exceeding diversity m the manner of nest construction among the 
ants has been long knovm. There are distinguished, earth nosts, 
nests undoi stones, earth lioaps above ground, heaps of diy plant 
material muced moie or less with earth, nests under bark, m hollow 
galls, in hollow stalks, and hollow trees; nests in rotten stumps or 
chiseled out of solid wood, caitou^nests, which are either placed 
botweon roots or 111 hollow trees or hang free from the branches, 
finally veb nests, winch may consist of leaves spun together or of 
other hollows carpeted on the inside with a Web Furthermore, any 
already existing hollow space may be transformed into an ants’ nest, 
should it be a piece of roofing paper, tlie cover of a tin of preserves, 
dried cow manure, or an old skull of a horse, in which last P. Schupp 
once found a nest of Cainfonotus tnifipes in Rio Grande do Sul. Also 
numerous are the stolon nests which formerly bdonged to other 
species of ants or to termites and were either taken possession of 
aftei liavlng been vacated by the bxidders or already before that. 

Tho photograph of a gigantic nest of Formica rufa, near Luxem.' 
bmg, -which is 17 meters m cncumforence, may scivo as an example 
of a typical ant hdl (fig 31) A carton nest of Oremastogaster 
Stadelmanm dohchacepliala Santschi, 1.10 meters in length, which is 
in the Natiwal History Museum of Luxemburg, is shown m figure 32, 
as it -was photographed m its natuial situation, hanging upon a high 
tree in Ivondiifi, by E. Luja Finally, a web-nest of Polyrlmclhis 
lahotiosa fiom KonduS (E. Luja) is shown in figuie 33 This con- 
sists of leaves spun together, the surfaces of winch are carpeted with 
web. The upper outer layci, into which wood-mold has been 
abundantly introduced, nppeam to bo prepared by the ants, as accord- 
ing to F Ivold'h observations is also tho case with OecopliyUa longirr 
noda on the upper Congo, by means of their mandibles and the secre- 
tion of tho mandibular glands, whde the web itself comes from 
another somce vnfh which we shall now become acquainted. 

Tliesp wob nests of the ants are of high psychological interest’ 

For the spinning substance utilized m them does not come from 
tlie ants themselves, but fiom them larvie winch the workers grasp with 
them mouths and employ as ‘‘weaver’s shuttle”! They conduct the 
mouth of the huva, from which the spuming substance issues, from 
one leaf margm to another and thus weave them nest. When 20 
years ago Rnlloy’s first information concerning this reached Europe 
from the East Indies, it sounded hardly credible. Now, however, 
they have been concordantly verified by many investigators, for 
OecopTiylh Ceylon through Doflem and Bugnion, for 

OecophJUa ;h( Congo through F. Kohl, etc. With the 
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Oecophylla species tMa metliod of nest construction is general, in 
the genus Polyrhachis it only peitains to a pait of the species, 
while othein construct carton nests Of the genus Camponotus, 
finally, it is only known of one species, C seiiex of Brazil, and of the 
genus Technomyrmex we hkowise luiow spun nests with but a smgle 
* species (T, hicolor texior Foiel) 

That ants use their own larvai as weavei’s shuttle for spinning, and 
80 utilize the spinning faculty of their laivse m a practical manner for 
nest constiuction, is, to bo sure, psychologically most remarkable 
It is an employment of “ tools ” which aie independent of the body of 
the animal and do not oiiguiate from it, wlulc, for example, the •fteb 
with which the spidei catches its piey is a product ot the glands of its 
own body. Such a well guaranteed and ingenious employment of 
tools, as the ants demonstrate in the constiuctiou of then w’eb nests, 
we seek in wain elsewhere in free nature, even among the liighei vei- 
tebrates Yet we must not oveiestimate this fact psychologically. 
Theie are heie concerned, as with all other specific modes of nest con- 
struction in ants, hereditary instmcts, over the phylogenetic origni of 
which, however, the deepest daikness still rests In any case we 
must not consider a species of Polyrhachis which constructs webs by 
moans of its larvae as more “mtelligent” than another species of the 
same genus which employs the secretion of its mandibular glands to 
build a caiton nest In the same way we must not designate 
Camponotus senex as the " most mtelbgent ” species of its genus because 
it builds web uesis, while other species construct theirs m wood, 
etc All the different nest-building instmcts aie objectively appro- 
priate in tbeir way, but do not depend ujiun the intelligent reflec- 
tion of the individual being, because they piove to be bereditaiy 
instincts. Then exeicise is, nevertheless, no mere leflex mechan- 
ism, because it takes place under the mfluence of the sensory percep- 
tions and sensory experiences of the individual Here, too, we must 
therefore keep oui selves midway between two equally erroneous 
extremes m the psychological explanation of ammal life Then we 
also shall "learn wisdom” from the ants on considermg their ways. 


EXPLANATION OF FIGURES ON PLATES 1-10 
[The nilcro-photogiaplis for the most part have boon taken aWIIl a Zeiss Tessar 1 6, 3 ] 

Plate 1 

Fict 1 Formicomius nitvlulm Nyl (elumiig guest-ant), ergatoicl male and worker 
tS.l) 

Fin 2 Formica ri{fa L (red lull-ant), queen and amall worker (3 1). 

Fig 3, Formica tnmacola Nyl , winged female (4:1). 

Fig 4. a. Worker of Formica mecta Nyl , 

6. Worker of Formica fusca L (4 : 1) 

Fig. 6. Fomicq, aanguinea Latr,, worker (S, 5 . 1), 
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Pi, ATE 2 

Fig 5 a Furmica/usai L , small queea; 

b Foimua eisi’cta Nyl , wuiged fenialo (4:1) ^ 

Fig 7 a Head of Fonnica sanqumea Lti , workei, 

b Head ul Pohjergus r-ufcwiis Lli , workei (6 1) 

Fig 8 Poh/crqu'irufencfniLatt lAraa/on anH a Ei gatoid queen , i Worker (1 1) 

PliATI >! 

Fig 9 a Ibi'i/'jMqouiiit^ (To»to/j7iiTtbun) b'ublfii’ri'! Nyl , ergdtaul queen, 

6 Lfpiolborca accjvoriLin F,, woikei (Have) (5 1) 

Fig 10 Nlroiiqqloqunthu', Ustaruus Srlienk, vorkei (12 1) 

Fig. 11 WberhneUa Savt\chn Foiel, winged fomale, dorsal and lateral view (5 ]) 
Fio. 12 Schenk, piipa-like male (12 1) 

Fig I't Larva ot Loinnkuia alrummn F (6 1) 

Plate 4 

Fig. l.-S Loint’chita atriwiosaV i5 1) 

It With tmued up abdoniou, 

h With extended abdomen, to mIiow the yellow hau-tufta 
Fig 15 AiemcUh pruttnf.ouha'Wimn heiitgicdhy Fot mm praletms Deg (6,1). 

Fig 10 JCi'iinduM |•aL•u Lee (Noiili America) (.'> 1) 

Fig. 17 a Fonmen ianoin-iita Lti , tvoTkei (4 1) 

Plate 5 

BTg J7b Formu'U an ngutnea Lir (Pbeudoqyne) (4 1) 

PiQ. 18. J/ooiferijo rcj lutornis IVasiii , Mndflg.iBcar (12 1) , 

Pig 19 Pleuroplerua Fohni Eits .subsp Lujac Waam , Congo (6 : 1) 
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Fig 25 Samttiil section through the abdomen ot Sgmpolemoii unommaiis, to show 
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Plate S 

Fig. 20 Mmeatoa pnki Wasm , male and female, Biazil (10 1) 

Fig 27 Darqhmimis Kohli W ism , Congo (S 1) 

Fig 27c Mimanomma spectrum Wasm , Kameiun (9 1) 

Fig 28 Fc(top/ij/a sinittfcns Wasm , Brazil (1 1) 

Fig. 29, Xciioeepfiqlus gigan IFasm , Brazil (4 1) 

Fig 30 TrilobUujeus insignia Wusm , Cougo (11 1) 

Plate 9 

Fig 31 Gigantic nest of Fomic'i rufa h , Luxemburg (17 m. Circumference) 

Plate 10 

Fio 32 Carton neat of Cremaatogastcr Stadahmmi siibsp dolirbocephoXa Siuitschi 
(hanging on the tree), Congo (1 44) 

FtS 33 IVeb nest of Polyrbaekis labonosa Sm , Congo (12), 



PENGUIITS OF ANXABOIIC BEGIOK — GAIN, 


481 


glutton, burying its head almost entire m the beak of the adult, 
for it. 

'‘‘general, the broods abandon the heats a few at a time. The 
now keep together in small groups, moving about, splashing 
^ % midst of the reddish mud, with which they are covered from 

I'® disagreeable odor which comes from them 

some doubt as to the good hygiene of these animals. Each 
^oup IS confided to the care of some adults which carefully watch 
^ovor all these noisy and already inquisitive young creatures One 
side of the rookery ends m a cliff overhanging the sen or a ravine, 
some adults standing there as sentmels. Woe to the curious little 
one that ventures too near the dangerous spot; the watchman, inlh a 
hght stroke of the beak or of the wing, reminds the rash bird of the 
duty of obedience and of the need of returmng to the ranks. 

In February the young, little by httle, change the doivn for the 
plumage which they wear for a year or until the next molt. They 
ai‘e now distinguished from the adults by the absence of the white iris, 
also by the color of the throat, which is white mstead of black, the 
hne of white and black crossing the cheek below the eye, It is not 
until the next molting at the end of a year, in Febraary or March, that 
they take on the plumage of the adult. At the end of February the 
young can care for themselves, they leave the rookeries and ramble 
in groups along the coast From day to day their number duuin- 
ishos They leave in March, gomg northward to dwell on the open sea. 

The parents have done their work. Having labored for thoir off- 
spring during four months, they must now think of themselves. 
Winter approaches, they must form the new habit which will enable 
them to endure bad weather They go to lest on the snow or in 
some crevice of the roclrn, sheltered from the prevailmg winds. 
They remam there in the same place, without moving, during the 
entire molting season; that is to say, for 20 days. They are com* 
pelted to live on their reserve fat. They become unsightly, resem- 
bling bii’ds poorly stuffed, eaten by insects. 

At the end of March, when the molting is over, the birds m small 
flocks gradually leave their city, to which they will agam return at the 
close of wmter, after -even months' absence. 

FmaUy, the l»sL spetiic'., whicOi^ like the Adelie, is distributed 
over the whole extent of the Aniarctic continent, is the Emperor 
Penguin {Apenod/yies Forsteri), a bird of large size, sometimes 
reachmg a height of 1 meter 10 centimeters end a weight of 40 kilo- 
grams. It is a very beautiful bird; its head is jet black; on each 
side of the head a band of golden yollow diminishes gradually toward 
the neck and ventral regioiib the back is bLuish-gray, the beak to 
the base of tbe mandibles p.irpJibb-ruse The Emperor does ndt 
leave the polar regions, where the birds are found in ^mall groiije 
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on the icebergs If two groups happen to meet, the leaders to 
each other, lowering them beaks on their breasts ; remaining this 
position, they hold a long discourse, then, compliments havnig been 
exchanged, they raise their heads and describe a great circlf 'With 
then- beaks. They act m the same way toward men, who gepcrally 
have gicat difficulty in understandmg this mimicry, obligmg^the 
pengiim to begin oyer agam. 

The habits of this penguin are very different from those of til? 
birds that we have just considered The mode of reproduction is ^ 
very peculiar, and has been ably studied by Mr. Wdson, naturalist 
of the Discovery expedition It occurs m the dead of wmior, in the 
middle of the polar mght, at the end of June m cold that may reach 
50 C.° below zero when the Emperoi’s gather together near the conti- 
nent, on a solid iceberg, to lay a smgle egg. There are no prepara- 
tions, no nest 

To keep the egg off the ice, the penguin places it on his feet, held 
between his legs, protected by a fold of skm covered with feathers 
at the base of the abdomen As the incubation lasts nearly two 
months, the birds, of which not many are engaged m brooding, 
pass the egg to one another m tnrn At the begmning of September 
the young is hatched As there is only one chick to ten or so adults, 
and as every one of the latter wishes to brood, theie is much jostling 
and strugglmg to get possession of the little one, that brmgs upon 
the poor creature unmtentional wounds, sometimes causmg its 
death 

Toward the end of October migration toward the north takes 
place, the hmds letting themselves be earned off on fragments of ice 
hrolcen from the iceberg, the chicks, still covered with down, are 
earned by then parents- In January they lose this down and, from 
tins time on they provide for themselves 

While the young live on the outslcirts of the icebergs the adults 
return south to seek solid ice on which they go to molt, then m the 
month of June they come together agam, and the cycle that we 
have just bnefly described begms anew. 

We have been obliged to pass very rapidly over the study of these 
birds, of which wp have been able to give only a slight sketch. 

But it is easy to understand that the Antarctic region possesses a 
distinct avian fauna, characterized by several very remarkable 
/(loiogicjil lyiies, .and prc'cntuig very nearly the 
i.hroiighoiit iis cxtoni Diffeivu members of tin ip >; < s -..I l 
'■cry vuriiibh distances over certam adjacent lands, in such a way 
as to exert a greater or less influence on the characteristics of the 
Ornithological population of neighboring regions. 



THE DEBIVATION OF THE EUROPEAN DOIVIESTIC 

ANIMAUS ^ 


By Prof Dr 0 Kellee (Zurich) 


The tremendous advances made m zoogeographic investigations, 
especially those of the last decade, are very gratifymg, and the results 
have proven especially fruitful in sheddmg new light upon certain 
geological problems, but they hkeivise emphasize another fact, 
namely, that m dealmg with zoogeographic questions zoologists 
have so far concerned themselves chiefly with wild faunas The 
domesticated fauna seems to have been overlooked and it is seldom 
mdeed that a modern zoogeographic work touches this phase m 
more than an exceedmgly supeiflcial way Although the domesti- 
cated fauna is still considered a negligible quantity by many, this is 
evidently due to old traditions which one might well dispense with 
at the present time 

It is true that this relatively young fauna, produced under the 
bafluence of man, can throw no light upon general geographic and 
geologic problems, but it becomes important in the liistory of culture 
and offers valuable pomts m the discussion of anthropological ques- 
tions The faunal character of a given region is very often domi- 
nated by the domesticated fauna, and while the latter is small as far 
as the number of species is concerned, yet it makes up for this by a 
large number of individuals The domesticated animals enter into 
close competition with the surrounding wild fauna and force it into 
the background or even to extinction, A long account might be 
written upon the changes which have thus taken place in certain 
regions. I will simply allude to what has occurred in North America, 
South Africa, and Australia, where the native fauna was forced to 
retreat all along the line, m parts even extemmated, durmg the last 
century, to make room for an entirely newiauna, that of the domesti- 
cated species. On European soil these changes took place m a less 
v^orous manner, though the keepmg of domesticated animals had 
its beginnmg here in neohthic times, when it was very generally 

^riaiMlatecl by penalaalon from Verhandlaugen dea vn'i' f’’>ri:ay'’nJca ?ailosfn-E'"’!?:r5£iM s u Cicr 
Aug , 1910, pp 36a-365 Jena, 191z 
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practiced in southern Europe The native fauna gave way very 
slowly but steadily 

It 13 not my desne to discuss all phases of this process, which ex- 
tends back into ancient, yes, even into prehistoric times I omit a 
consideration of changes in the native fauna and will confine myself 
enthely to the mtroduction of domesticated animals, so far as we 
can at present deteimino the individual phases of this process in 
Europe The solution of this problem has been attempted at various 
times, but the result has until very recently been mcomplote We 
shall attempt to demonstrate here what constitutes autochthonous 
denvation and "what has been added from foreign sources 

It is e-pident that the phylogenetic relationships had to be estab- 
lished before these tangled problems could be approached. Half a 
century ago the task seemed hopeless. It is sufficiently significant 
that the celebrated and venerable master of biology, Charles Darwin, 
as late as 1869, in the first chapter of his path-breakmg work, “Origm 
of Species," gave utterance to the statement that “The origm of most 
of our domestic animals will probably forever remam vague ” This 
really sounded pessimistic, almost Idee a scientific “Lasciate ogni 
speranza!” 

To-day we no longer womhip this pessunism, for bit by bit, though 
not without much effort, we have had many suipr^smg glimpses into 
the history of the domesticated animals of Europe 

In the same year, 1859, a French investigator, Isidore Geoffrey 
St Hdaire, approached these problems in a decidedly optimistic 
manner. He tried to determine the time of appearance and the 
geographic derivation of our domesticated animals The Orient and 
particularly Asia, seemed to him to be the origmal home of most of 
these anunals, especially those which were attached to the home in 
the moat remote times, that is, the dog, horse, ass, pig, camel, goat, 
sheep, cow, pigeon, and the hen It is true, he approaches the sub- 
ject rather one-sidedly, smee he bases his deductions chiefly upon 
cultural Instory and does not permit the necessary analytic compara- 
tive anatomy to assume its proper place He later received con- 
siderable aid from Victor Hehn who followed, entirely one-sided, 
linguistic methods His well-kncwn work, “Kulturpflanzen und 
Haustiere in ihrem Ubergang aus Asien nach Grichenland und 
Italian,” which received an altogether undeserved attention, has not 
always been accorded favorable criticism from the 'scientifie side, 
and eyen after its careful revision by Schrader it may be looked upon 
as out of date. 

In 1862 Ludwig Rutimeyer’a classic “Fauna der Pfahlbauten” 
appeared and formed the tm’ning pomt in the investigations of the 
history of European domestic animals In this work, through pre- 
historic and comparative anatomic meth.Qd 54 facts 'were adduced in a 
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scientific ami •unchaUengeable manner, slvowing that already with 
the beginning of the Lake Dwellings a goodly number of domestic 
animals had made then appearance m Euiope. They were some- 
what different, it is true, from the present forms, being more primitive 
and simpler in their race fusion, but nevertheless the races of to-day 
have their foundation m many mstances in those of the Lake Dwell- 
mgs. Eiltimeyei’s opimons, although many times attacked, have 
in the main remained unshaken. Eutlmeyer was not satisfied to 
simply expound the histone facts, but he attempted m a number of 
cases to connect these animals with their wild progenitors by com- 
parative anatomic studies It is true the material available at that 
time was very limited. The domestic animals of Asia and Africa 
were little known Even Europe, which might have furnished val- 
uable keys to the situation, was insufficiently explored, and m fact 
remams so to-day The genial Riitimeyef noveitheless recogmzed 
the relations with ancestral forms perfectly correctly. He cleared up 
the cattle question and m conjunction with Hermann v Nathusius, 
determmed m a different manner the deiivation of the domestic pig. 
Other derivation questions, which he did not deem sufficiently clear, 
he left open for future consideration 

Charles Darwin hailed Riituneyer’s discoveries with great enthusi- 
asm m England He was even stimulated to undertake peraonal 
investigations, which resulted in a commendable expounding of the 
derivation of the pigeons, chickens, and rabbits Even m the pliy- 
logeny of the dogs, he developed correct and basic principles 

Other questions of the day forced the problem of domestic animals 
into the background, whence it later emerged to a prominent position. 
A retrogressive movement tended to discredit the Darwinian basis. 
But the domestic species were responsible for the most important 
foundation of the Darwiman teachings, and a careful levision of 
these, therefore, seemed absolutely necessary to support these doo- 
trmes In fact, the study of the history of the domestic animals of 
Eui’ppe and other places had never ceased. Austria has at all times 
displayed a lively interost in such problems. I will remmd you of 
Fit 2 dnger, who followed domesticated animal geography until 1876. 
The labors of Wilkens and especially those of Leopold Adametz have 
thrown much light upon the cattle question viewed from the zooteoh- 
nic standpoint, while those of Woldiich and Jeiteles have empha- 
sized the prehistoric side In Germany the labors of Alfred N'ohi'mg 
are well known With the assistance of my students I have per- 
sonally attacked the problem of the domesticated animal m all its 
phases, and thus a lot of material has accumulated, which will give 
us a clearer insight Mto the question If we examme the derivation. 
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of European domestic animals in the light of our present knowledge, 
we find it evident that they came to us from various sources. 

In the first place, we have a large contingent which is of European 
orighi, and tfii!=i we must designate as having been derived in an 
autochthonous manner 

AJfrod Nehring furnished the convinchig proof about the horse, 
that the heavy, calm strains, which ope designates as occidental 
horses, aie traceable to a diluvial wild-horse ancestor of middle 
Europe 

The pigs with the sharp backs, still strongly represented in the 
northern iUps, especially m Bavaria and northern Germany, were 
shown by Hermann v Nathusius and Ludwig Rutimeyer to be de- 
scendants of the wild pig of Europe, and the short-tailed domestic 
sheep, which at pioeont have been forced far to the north, appear 
very piobably to have been derived from the south European mouflon. 
No investigator doubts, since Rutimeyer made his brilliant investi- 
gations, that the heavy cattle of the steppes of southeastern Europe 
and the lowland cattle of northwestern Europe have sprung from the 
aurochs {Bos pninigeniiis) , which persisted as a wild animal down to 
histone times In spite of all the remonstrances made to me, I am 
still forced, even more than ever, by m)^ recent investigations, which 
will be published in a large monograph in the near future, to con- 
sider the mainland of Greece as the starting point of the Bos primi- 
genius domestication in the early Mycenian times The entire 
process is clearly represented on the noted gold goblet of Vaphio, 
which undoubtedly is based upon close observation in nature One 
might object, saying that no osteological finds of the ur (aurochs) have 
been made m that region But yet I have recently demonstrated 
by means of old Cretan ur pictures and undoubted ur bones that Bos 
pnmigenius lived in, that region up to the early historic period all 
objections must vanish The latest finds tell us that even before the 
Myoemc period the domesticatmg of animals had begun in Crete 
The latest efforts to prove that the ur was first domesticated m Meso- 
potamia appear to me to be entmely misplaced 

To the smaller domesticated animals, Europe has but compara- 
tively recently — that is, m histone times — added the rabbit, the goose, 
and the duck A second category of domestic animals in filurope 
is surely of Asiatic origin— that is, introduced This is not sur- 
prising, ’for Europe, geographically considered, is only an Asiatic 
dependency Nothmg seems more natural than that this colossus 
land should have given us much from its overabundance of domestic 
animals I feel certam that the spitz dog, like the peat dog of the 
Lake Dwellers, came from westeim Asia. Even of more certam Asiatic 
origin are the bronze dogs, whose little-altered descendants greet us 
to-day in the form of the shepherd dog, both of which have sprufig 
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ft-om tile Indian wolf It is easily demonstrated that the origmai 
homo of the great “dogge” is to be found in the highlands of Tibet. 
They became established in Europe at the time of Alexander the 
Great; and appeared in our northern Alps at the begianmg of the 
fiist century, where they were distributed by the Romans. They 
have been demonstrated m the Roman-Helvetian colony of Yin- 
donissa and m southern Germany 

That the domestic goat, which was kept by the oldest Lake Dwel- 
lers, IS of west Asiatic oiigm, and derived from the Bezoar goat, is 
universally aclmowledged It came through the Aegean Islands 

In very early times, during the Mycenian period, wool sheep 
reached Greece and the rest of southern Europe. The story of the 
''Golden Fleece” points toward Colchis, to the east of the Black Sea, 
aa its original home, and zoogeographic facts point favorably in 
that direction. 

As for our pigs, the investigations of Rtitimeyer and Nathusius 
have proved that even in prehistoric times Asiatic blood reached 
Europe. The banded pig (8m mttatm) distributed over southeast 
Asia IS the wild pig from which the domesticated Asiatic pig has been 
developed All doubts about this are dispelled by the anatomic 
facts of the case. Southern Europe has always kept these pigs to the 
exclusion of all others. I was able to demonstrate their presence in 
the ASgean Ai'chipelago, even as far back as the neolithic period. The 
exammation which I conducted upon the skuUs of the Spanish and 
Sardmian domesticated pigs showed that even to-day the Asiatic 
race has retained its pure strain in the Mediterranean region. It 
was long unlmown which ocean route had been used in the transpor- 
tation of this animal, m so far as the Semitic culture of Mesopotamia 
probably refused this domestic animal Lippert expressed the 
opmion that it might have reached the west along the northern border 
of Mesopotamia. The investigations of J. U. Dlirat upon the bone 
remains from the old culture strata of Anau in Tiu'kestan have sub- 
stantiated these opinions in every way. 

There can be no doubt that Asia gave to Europe from its wealth of 
domesticated horses. The damty oriental horses prevail over others 
even to-day in the east and south of our continent But whether, in 
addition to the Przewalsky horse, another ancestral horse wdl have to 
be considered has not been completely established as yet. But that 
horses were first domesticated in the interior of Asia has been estab- 
lished from the historic cultural fact that the domestic horse appeared 
first in large numbers, historically considered, in the mterior of Asia, 

The prehistoric presence of the domestic horse is known for Turk- 
estan, where it occurs m the very oldest culture strata. This has the 
characters of the oriental horse and was of small size It may have 
become distributed over Asia Minor at on early period, whence it 
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most likely reached "Europe through the old Cretan and J.Iinos cul- 
ture. Arthui Evans discovered pictiu’es at Knossoa in which hoises 
were transported upon ships. 

In a few words I would like to point out that the species of camels 
appeared fii’st under domestication in the interior of Asia and that 
then- distribution Was relatively late Europe received this Asiatic 
Conti ibuti on only in the south, and there even only locally As a 
curiosity it might bo mentioned that the camel appeared in the 
northern Alps at the beginning of the fiist century I received a 
fragment of an upper jaw from the Helvetian-Roman colony Vin- 
donissa The Romans probably only introduced single ammals for 
show, for it IS hardly possible that they were used for agricultural 
pui’posos 

The oldest center of domesticated cattle is situated in southeast 
Asia I devoted many years to the cattle question and was able to 
demonsti’ate upon the basis of proper anatomical material that a 
smgle species, the bnnteng (Bos sondaicus), which still exists in the 
viold state m those regions, constitutes the sole progenitor of that 
stock This stock migrated westward, namely, into Africa, and the 
smaller races reached Europe, even in prehistonc times, wheie they 
have oontmued to the present day as the smaller, short-horned race. 
The Asiatic stock is the richest in individuals and the most universally 
distributed. 

Of our domestic birds, the hen, as, Darwin has pointed out, is of 
southeast Asiatic ongm. In those regions alone combed chickens 
occur in a wold state "We can follow the route of the hen over 
Persia to Greece, where it arrived m the middle of the first century 
B. C ; that is, m historic times. 

The peacock also comes from southern Asia 

The pigeon is probably of west Asiatic origin, for in history it 
appears first in the southeast comer of the Mediterranean, where it 
is frequently associated with cultural rites. On the other hand, the 
pigeon Was already well established during the older dynasties of 
Egypt, and it is not impossible that it was fii’st domesticated in the 
valley of the Nile We do not wish to discredit a considerable con- 
tribution from Asia, but I have for years defended the position that 
Afnoa has furnished us more than we have been accustomed to 
admit This African importation is quite considerable 

Even the shortr-homed cattle, which reached Emupe during the 
neolbhio period and which has mamtamed its primitive fomi in 
southern Europ'o, and has continued as the brown cattle of the central 
Alp's, 11 'Oonis moat plausible to me, appears to here reached Emupt. 
from Asia by way of Afnoa. Even RutimeAfu' iioiucd tlmi, tlm 
typical form was found in north Afnca, Lately Prof. Naville has ' . 
found a wonderful stone statue of a sacred coV of the eighteenth ' 
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dynasty, whose head coiresponds wonderfully with that of the Sai- 
dinian cattle Western Asia never did possess a sufEciently great 
abundance of cattle to part with a considerable quantity of it. It is 
also a remarkable fact that short-horned cattle appear relatively late 
and scantily in the cultural strata It is possible that this cattle 
may have reached western Asia by way of Egypt and Syna, for the 
culture of the Nile Valley is much older than that of western Asia 

Of undoubted African ongm is the peat sheep, that small goat-like 
race of sheep which was first demonstrated m the Lake DweUuigs of 
Switzerland, and which has maontamed itself, almost as a pui'e stram, 
to the tm’iung of the century, m small remnants, in the lesser isolated 
valleys of the Bundneroberland. The characters of the skull and the 
long tail pomt to a half sheep Old Egyptian pictm*es teach us that 
the African maned sheep was domesticated at an early period in the 
Nile Valley, and I suimise that the peat sheep has made its way from 
Egyjit over Greece to Europe I base my conclusions on this point 
upon a few sheep pictures from the Mycemc period. Latelj'- 1 found 
not only peat sheep remains of the neohthic period m Crete, but 
also, to my great surprise, many herds of small, pui’e strain, peat 
sheep m the hills of Crete, which have been able to maintain them- 
selves there m full vigor to the present time Of African source is 
also the domestic ass, whose derivation from the African wild ass 
was completely demonstrated by Darwin. This animal entered 
Europe at a very early date, but became an agiicultural element only 
in the lands along the Mediteiuanean Its domestication dates far 
back m Africa It was pressed into service long before the horse, 
and was probably fii'st domesticated by the old Hamites. 

That the house cat is of African origin goes without challenge; 
likexvise that it was extracted from the Nubian cat It is rmssmg 
in our Lake DweUmg period, and has made only slow progress in 
historic times in Europe 

Africa, and especially Egypt, has also furnished ns some of our 
dog;?. The Poiua dogs of Turkejl’ and southern Bulgaria, which I 
had a chance to observe recently in Constantmoplo, are related to the 
Paria dogs of Egypt. 

The grejLounds are undoubtedly of African ongm and ai’e derived 
from the Abyssinian wolf {Cmis simensis). In the time of the older 
dynasties the greater part still possessed erect ears, and they were 
greatly prized m the land of the Pharaohs This old race, which one 
finds so often represented on antique mural paintings, became extinct 
in the Nde Valley at an unknown period. Their progeny has, 
through fm-ther domestication and breeding, become strongly 
changed, but not entirely lost I recently found living on the east 
’ Spanish islands of Mallorka and Ibiza a strong colony of the erept- 
eai^ed greyhound of old Egypt. In 1909 I was able to demonstrate 
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a second colony on the island ol Crete For the long-eared hunting 
dogs we will also have to assume an African ongm, for they appear 
first in the oldest dynasties, m fact, it is questionable if they have not 
beon demonstrated in neolithiu times, though this seems to be carry- 
lug tlungs a little too far, Huntmg dogs reached the lands of the 
Mediterranean from Egypt, where they are still, numerically speak- 
ing, best represented 

In conclusion, I wish to answer the question From what places in 
Asia and Africa did the animals emigrate to reach Europe ? 

This question is most intimately related with the derivation of the 
sum total of European culture, of which the domestic animals form a 
considerable part of the cultui’al acquirement. 

How far the lands of the Caucasus have figm’ed as an entrance 
port remains to be determmed. It is important to consider next 
the .iEgean Isles as an mtermediary , for these fom a bridge to Europe. 
Here one has recently discovered a pecuhar island culture, which, m 
many respects, might be considered Myceman This, of course, is 
uncertam. To oui' great surprise, a much older and much more 
1 emarkable cidtui'e has been discovered on the island of Crete m the 
last 10 years. FoUowmg Arthur Evans, one now colls tins the 
“Minoic culture.” This must be considered the root from which, the 
later Myceman culture spiang. 

I convinced myself in 1909 by examinations made on the spot 
tnat the ifinoic bone remains and pictures embrace the most im- 
portant domesticated animals of Europe. 

Old Crete, mdeed, formed a stepping-stone over which most of the 
domestic animals of Asia and Africa passed to reach the mainland 
of Eui’ope. The geographic position of Crete was exceedmgly well 
suited to play this intermediary r61e, for m the first place this 
island lies equidistant from the three contments, and, besides, it 
possessed a considerable navy even at the time of Mmos, whose ships 
were m close touch with the east and south. Even as far back as 
3000 B 0, a decided cultural influence from Egypt affected this 
largo island of the Aegean Sea, while the Asiatic mfluence was still 
scarcely reoogmzable. Pam ting and sculpture show i emarkable 
progress at an early period, of whicb the ammai representations 
possess an especial m teres t to us. Bone finds also are not absent, 
and these documents furnish us with valuable data concernmg the 
trend taken by wanderings of the domestic animals. 

Crete was, even during the neolithio culture period, a prominent 
center; for example, the neolithic deposits in BMossos, attained the 
size of 6 meters or' more In these I was able to demonstrate re- 
mains- of the peat sheep, the peat pig, and peat cattle. These races, 
therefore, have undoubtedly been transmitted to us over Ci-ete. 
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In Mochlos, an ancient culture station on the Bay of Mirabella, 
I found upon the hd of a vessel made of black steatite the splendidly 
carved figure of an erect-eared greyhound Such greyhounds as were 
bred in Egypt had evidently reached Crete 2000 years B. C. They 
appeared then frequently upon ancient Cretan coins, such as those of 
Kydoma. The greyhounds of Crete were famous in ancient days 
and were exported in great numbers to the mainland of Greece. 

The same route was followed by the cat That then origmal 
home is to be found in the Nile Valley may be assumed. They 
reached Ckete durmg the later Minoic period, for wo know of a 
mui’al paintmg belonging to the period of about 1500 B. C which 
comes from Phastos and represent.s the domestic cat quiue well. 
This animal also appears upon a Mycemc terra cotta from Goumia 
It arrived in Greece much later 

Horses were ob tamed ui Asia kimor. A pictui’e from Ivnossos 
represents their transportation by boat verj graphically. In a similar 
mannei the ass must have reached Crete and Greece from north 
Afiica 

It can be shown with considerable certainty tnat the pigeon 
reached Europe by way of Crete. It is pictured at the time of Minos, 
and ia associated with cultural ntes It probably reached Sicily from 
Crete. 

An important domestic bud of Egypt, the Nile goose, was also 
brought to Crete. Its picture occurs upon an earthenware coffin, 
excavated at Gortyna; but tnis bird disappeared there as m its old 
home and was unable bo reach the mainland of Europe 

If we recall that ancient Crete, even during the Hero period, 
and m the begmrimg of the earhest historic period, extended its 
culture over the Cyclades and even subjugated Athens and possessed 
cplomes in Asia Minor, then we will understand its bearmg on the 
distribution of the domesticated animal cultm’e The great peiiod 
of Minos Island is past, for already at the conclusion of the Trojan 
War a dechne began, and its mdependence was lost to the Romans at 
the begmmng of the first century But the domesticated animals 
of that ancient period remained and persist as livmg relics even to the 
present day. 

I have been taught by an examination of the domestic ammals of 
Crete as they exist to-day that the old peat cattle, the Cretan dogs, 
and the goat-like peat sheep are living witnesses of that ancient 
domestic animal migration whose ultimate goal was Europe. 
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Profeiso) of Physiology in Edinburgh 


PREFACE 

In the foUowmg essay, which formed the presidential address to the 
British Association at its meetmg in Dundee in 1912, I have tried to 
indicate m clear language the general trend of modern biochemical 
inquiries regardmg the nature and or^in of livmg material and the 
manner in which the life of multicellular organisms, especially that of 
the higher animals and man, is maintained I have also statqd the 
conclusions which it appears to me may legitimately be diawn from 
the result of those inquiries, without ignormg or imnimizmg such 
difficulties as these conclusions present 

There is, it may be admitted, nothing new m the idea that living 
matter must at some tune or another have been formed from lifeless 
material, for m spite of the dictum omne mvwm e mvo, there was cer- 
tainly a period m the history of the earth when our planet could have 
supported no kmd of life, as we undemtand the word, there can, 
therefore, ejast no difference of opunon upon this pomt among 
scientific thmkers. Nor is it the first tune that the possibility of the 
synthetic production of livmg substance m the laboratory has been 
suggested But only those who aie ignorant of the progress which 
hiochemiatry has made m recent years would be bold enough to 
affirm that the subject is not more advanced than m the days of 
Tyndall and of Huxley, who showed the true scientific mstmct m 
affirmmg a belief in the origmal formation of life from lifeless material 
and m hinting at the possihihty of its evemual synthesis, although 
there was then far less foundation upon which to base such an opmion 
than we of the present day possess The mvestigations of Pisclier, 
of Abderhalden, of Hopkms, and of others too numerous to mention, 
have thrown a flood of light upon the constitution of the materials 
of which livmg substance is composed, and, m particular, the epoch- 
makmg researches of Kossel mto the chemical composition of nuclear 

I An ttd<iraS3 dalivered to the British Asaoolatlon for the Advenoeraont of Scienoa, at Its meeting at Bun- , 
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substance— which in certain forms may be regarded as the simplest 
type ol living matter, while it is certainly bhe/ons et ongo of all active 
chemical processes within most cells — have shown how much less 
complex ni chemical nature tins substance may be than phyniologiats 
were a few yeais ago accustomed to regard it. On this and othci 
grounds it has lately been independently suggested by Prof Minchm 
that the first living material originally took the form, not of what is 
commonly termed protoplasm, but of nuclear matter or chromatm 
a suggestion which appears by no means improbable 

If the honored names of Charles Darwhi, Ernst Hackel, and August 
Weismann are not found m the following pages, it is hecaiiso exigen- 
cies of space and tune rendered it necessary to deal mainly with the 
more modern developments of this chapter of evolutionary history 
For other but nob less cogent reasons all metaphysical speculations 
on the subjects dealt with have been avoided The study of natural 
knowledge, as the Koyal Society still quaintly describes m its title the 
investigation of the phenomena of nature, is never properly advanced 
if mixed up with the “supernatural’' or if metaphysics is appealed to 
for the explanation of scientific problems which can not at once be 
solved by ordinary scientific methods, and it behooves us to elimmate 
all considerations involving the intervention of superantural agencies 
just os much m connection with scientific inquiries into the nature 
and origin of life as with all other matters which are properly the 
subject of scientific mvestigation. This is not materialism, but 
common sense 

The first part of the subject of this address as dealt with at consider- 
able length and in a strictly scientific sprat by Le Dantec in “The 
Nature and Origin of Life,” as well as by Dastre in the book mentioned 
on the next page To works such as these the reader is referred for 
the numerous details which it is impossible to mclude within the limits 
of a short essay. 

DEFINITION. 

Everybody knows, or thinks he loiows, what life is; at least we 
are all acquamfced with its ordmary, obvious manifestations. It 
would therefore seem that it should not be difficult to find an exact 
definition The quest has, nevertheless, baffled the most acute, 
thinlrem Herbert Spencer devoted two chapters of his “Principles 
of Biology” to the discussion of the attempts at definition which 
had up to that date been proposed, and himself sugg‘^‘^''''d 
But at the end of it all he is constrained to atimit that 
had been found which would embrace all the known r. ' ' . . 
of animate, and at the same tune exclude those of admittetlly 
innnknalo, ohji'cts. 

'Ihe ordiuti) v dictionary" definition of life is “the state of living.” 
Lastre, following Clan do Bernard, defines it as “the sura total of 
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the phenomena common to all living bemgg.” ^ Both of these 
definitions are, however, of the same character as Sidney Smith’s 
definition of an archdeacon as "a person who performs archichaconal 
functions." I am not myself proposing to take up your time by 
attempting to grapple with a task which has proved too great for 
the intellectual giants of philosophy, and I have the less disposition 
to do so, because recent advances in knowledge have suggested the 
probability that the dividmg hne between animate and inanimate 
matter is less sharp than it has hitherto been regarded, so that the dif- 
ficplty of finding an inclusive definition is corrospondmgly increased. 

As a mere word “life" is mterestmg in the fact that it is one of 
those abstract terms which has no direct antithesis, although proba- 
bly most peraons would regard death” in that light. A little con- 
sideration wdl show that this is not the case "Death” implies 
the preoxistence of "life.” There aie physiological grounds for 
regarding death as a phenoinonon of life — it is the completion, the 
last act of life We can not speak of a nonliving object as possessing 
death in the sense that wo speak of a living object as possessing life. 
The adjective '‘dead” is, it is true, applied m a popular sense anti- 
thetically to objects which have never possessed life, as m the pro- 
verbial expression "as dead as a doornail.” But m the strict sense 
such application is not justifiable, since the use of the terms "dead,” 
and "livmg” implies either m the past or m the present the posses- 
sion of the recognized properties of living matter On , the other 
hand, the expressions hmng and lifeless, animate and inanimate 
furnish terms which are undoubte^y antithetical. Strictly and 
hterally the woids "animate” end "manimate” express the presence 
or absence of "soul,” and not infrequently we find the terms “life” 
and "soul” erroneously employed as if identical. But it is hardly 
necessary for me to state that the remarks I have to make regarding 
"life” must not be taken to apply to the conception to which the 
word "soul” 13 attached The fact that the formation of such a 
conception is only possible in connection with life, and. that the 
growth and elaboration of the conception has only been possible as 
the result of the most complex processes of life in the most complex 
of living organisms has doubtless led to a belief m the identity of 
life with soul But unless the use of the expression "soul” is 
extended to a degree which would deprive it of all special signifi- 
cance, the distinction between these terras must be strictly mam- 
tahied. For the problems of life are essentially problems of matter; 
we can not conceive of life m the scientific sense as existmg apart 
from matter The phenomena of life are investigated, and can 
only be investigated, by the same methods as all other phenomena 
, of uqatter, and the general results of such investigations tend to 
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show that living beings are governed by laws identical with those 
which govprn manitnate matter The more we study the manifes- 
tations of life the more we become convinced of the truth of this 
statement and the less we are disposed to call in the aid of a special 
and imlcnown form of energy to explam those manifestations. 

PHENOMENA INDICATIVE OF LIFE — MOVEMENT. 


The most obvious manifestation of life is “spontaneous” move- 
ment Wo see a man, a dog, a bnd move, and we know that they 
are hlive We place a drop of pond water under the microscope, and 
see numberless particles rapidly moving withm it, we affirm that it 
swarms with “bfe ” We notice a small mass of clear shme changmg 
its shape, throvnng out projections of its structureless substance, 
creepmg from one part of the field of the microscope to another We 
recognize that the slime is hvmg, we give it a name — Amoiba hmax — • 
the slug amceba We observe similar movements m mdividual cells 
of our own body, m the white corpuscles of our blood, in connective 
tissue cells, m growing nerve cells, m young cells everywhere. We 
denote the similarity between these movements and those of the 
amceba by employing the descriptive term '‘amoeboid” for both. 
We regal d such movements as mdicative of the possession of “life”; 
nothing seems more justifiable than, such an inference 
But physicists ^ show us movements of a precisely similar character 
in substances winch no one by any stretch of imagination can regard 
as hving, movements of oil drops, of organic and morgamc mixtures, 
even of mercury globules, which are mdistmguishable in their char- 
acter from those of the hving organisms we have been studying: 
movements which can only be described by the same term amceboid, 
yet obviously produced as the result of purely physical and chemical 
reactions causing changes in surface tension of the fluids under exam- 
ination ^ It IS therefore certain, that such movements ai’o not spe- 
cifically “vital,” that then presence does not necessarily denote “life.” 
And when we investigate closely, even such active movements as 
those of a vibratile cilium or a phenomenon so intimately identified 
with life as the contraction of a muscle, we find that these present so 
many analogies with amoeboid movements as to render it certain 
that they are fundamentally of the same character and produced in 
much the same manner.® Nor can, we for a moment doubt that the 


* S Quincke, Armal d Fhysik u. Cham , 1870 and 1888 

a ThQ oousatloa not only of movements but of various other rntmiiostatlons of Ufa by alterations in surface 
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complex actions winch are characteristic of the more highly differ- 
entiated organisms have been developed in the course of evolution 
from the simple movements charactenzmg the activity of undiffer- 
entiated protoplasm, movements which can themselves, as we have 
seen, be perfectly umtated by nonhvmg material The chain of 
evidence regardmg this particular mamfestation of hfo — mo Foment — 
13 complete Whether exhibited as the amoeboid movement of the 
pioteus ammalcnle or of the white corpuscle of our blood, as the 
cihary motion of the mfusorian or of the ciliated cell, as the con- 
traction of a muscle under the governance of the will, or as the 
throbbmg of the human heart responsive to every emotion of the 
imnd, we can not but conclude that it is alilce subject to and produced 
m conformity, with the general laws of matter by agencies resemblmg 
those which cause movements m lifeless material '■ 

ASSIMILATION AND DISASSIMILATION 

It will perhaps be contended that the resemblances between the 
movements of hvmg and nonlivmg matter may be only superficial, 
and that the conclusion regardmg their identity to which we are led 
wall be dissipated when we endeavor to penetrate moie deeply into 
the working of hvmg substance. For can we not recognize along 
with the possession of movement the presence of other phenomena 
which are equally characteristic of hfe and with which nonhvmg 
mateiial is not endowed? Promment among the characteristic phe- 
nomena of hfo aie the processes of assimilation and cbsassimilation, the 
talong m of food and its elaboration ^ These, surely, it maj^ be 
thought, are not shared by matter which is not endowed with hfe 
Unfortunately for this argument, similar processes occur character- 
istically m situations which no one would think of associatmg with 
the presence of life A striking example of this is afforded by the 
osmotic phenomena presented by solutions separated from one 
another by semipermeable membranes or films, a condition which is 
precisely that widch is constantly found m hvmg matter.® 

It is not BO long ago that the chemistry of organic matter was 
thought to be entirely different from that of inorgamc substances. 



498 ANNUAL KEPOEX SMITHSONIAN INSTITUTION, 1012 

But the line between inorganic and organic chemistry, which up to 
the middle of the last century appeared sharp, subsequently became 
miaty and has now disappeared. Sundarly the chemistry of hvmg 
organisms, which is now a recognized branch of organic chemistry, 
but used to be considered as so much outside the domain of the 
chemist that it could only be dealt with by those whose special 
business it was to study “vital” processes, is passmg more and more 
out of the hands of the biologist and into those of the pure chemist 

THE COLLOID CONSTITUTION OF LIVING MATTEE. 

Somewhat more than half a century ago Thoma.s Graham published 
his ppoch-makmg observations relatmg to the pioperties of matter in 
the colloidal state, observations which are proving all-important in 
assisting our comprehension of the properties of hvmg substance. 
For it IS becommg evoiy da}’- more apparent that the chemistry and 
physics of the hvmg organism are essentially the chemistry and 
physics of nitrogenous colloids Li-ying substance or protoplasm 
alw-ays, in fact, takes the form of a colloidal solution. In this solu- 
tion the colloids are associated -with ciystalloids (electtolytes), which 
are cither free in the solution or attached to the molecules of the 
colloids. Surrounding and mclosmg the living substance thus con- 
stituted of both colloid and crystalloid material is a film, probably also 
formed of colloid, but which may have a Hpoid substratum associated 
with it (Overton) This fihn serves the purpose of an osmotic mem- 
brane, permitting of exchanges by di-ffusion between the coUoidal solu- 
tion constituting the protoplasm and the circumambient medium in 
which it lives. Other similar films or membranes occur in the interior 
of protoplasm These films have in many cases specific characters, 
both physical and chemical, thus favoring the diffusion of special kinds 
of material mto and out of the protoplasm and from one part of the 
protoplasm to another It is the changes produced under these 
physical conditions, associated with those caused by active chemical 
agents formed within protoplasm and kno-wn as enzymes, that effect 
assi m ilation and disassimilation Quite similar changes can be pro- 
duced outside the body (m vitro) by the employment of methods of 
a purely physical and chemical nature. It is true that we ai e not yet 
famihar with aU the intermediate stages of transformation of the 
materials which are taken in by a living body mto the materials which 
are given out from it. Biit since the initial processes and the final 
results are the same as they would be on the assumption that the 
changes are brought about in conformity with the ^own laws of 
chemistry and physics, we may fanly conclude that all changes m 
living aubstanco are brought about by ordinaiy chemical and physical 
fprees, 
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SlMIEARnT OP PEOOBSSES OP GROWTH AND REPRODUCTION IN LITING 
AND NONLIVING MATTER, 

Should it be contended that growth and reproduction are proper- 
ties possessed only by living bodies and constitute a test by which wo 
may differentiate between life and nonlife, between the animate and 
manimate creation, it must be replied that no contention can bo more 
fallacious Inorganic crystals grow and multiply and reproduce their 
like, given a supply of the requisite pabulum. In most cases for each 
kmd of crystal there is, as with living organisms, a lunit of growth 
which is not exceeded, and further increase of the crystallme matter 
results not m further mcrease in size but m multiplication of similar 
crystals. Leduc has shown that the growth and division of artificial 
colloids of an morganic nature, when placed m an appropriate 
medium, present smgular resemblances to the phenomena of the 
growth and division of livmg organisms Even so complex a process 
as the division of a cell nucleus by karyolrinesis as a prelimmary to 
the multiplication of the cell by division — a phenomenon which would 
prima facie have seemed and has been commonly regarded as a dis- 
tmctive manifestation of the life of the cell — can be imitated with 
solutions of a simple morganic salt, such as chloride of sodium, con- 
tainmg a suspension of carbon particles; which arrange and rearrange 
themselves under the mfluence of the movements of the electrolytes 
in a manner mdistinguishahle from that adopted by the particles 
of, chromatin m a dividing nucleus And m the process of sexual 
reproduction, the researches of J. Loeb and others upon the ova of 
the sea urchm have proved that we can no longer consider stich an 
apparently vital phenomenon as the fertilization of the egg as being 
the result of living material brought to it by the spermatozoon, since 
it is possible to start the process of division of the ovum and the 
resultmg formation of cells, and ultimately of all the tissues and 
organs—m sho^t, to brmg about the development of the whole 
body — if a simple chemical reagent is substituted for the male 
element m the process of fertilization. Indeed, even a mechanical 
or electrical stimulus may suffice to start development. “Eurz und 
gut,” as the Germans say, vitalism as a workmg hjqpothesis has not 
only had its foundations undermmed, but most of the superntructure 
has toppled over, and if any difficulties of explanation still persist, 
wo are jij'itiiiod m assuming that the cause is to be found in our im- 
perfect knowledge of the constitution and workmg of living material 
At the best, vitalism explains nothing, and the term “vital force" la 
an expression of ignorance which can brmg us no further along the 
path of knowledge, Nor is the problem m any way advanced by 
substituting for the term “vitalism" “neovitalism,” and for “vit^ 
force ” “biotic energy.” ‘ “New presbyter is but old pnest writ large.” 
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POSSIOILITT OP THE SYNTHESIS OF LIVING MATTER 

Further, in its cheroical compoeitiou we arc no longer oorapelled 
to consider livmg substance as possessing infinite complexity, as was 
thought to bo the case when chemists fiint began to break up the 
proteins of the body nito then’ simpler constituents. The researches 
of Miescher, which have been continued and elaborated by Kossel 
and his pupils, have acquainted us with the fact that a body so 
impoitaut for the nutritive and reproductive functions of the cell as 
the nucleus — which may be saitl mdeod to represent the qumtessence 
of cell Me — possesses a chemical constitution of no very great com- 
plexity; BO that we may oven hope some day to see the material 
which composes it prepared synthetically And when we consider 
that the nucleus is not only itself formed of living substance, but is 
capable of caiismg other livhig substance to be built up— is, in fact, 
the dnectnig agent m all the principal chemical changes which take 
place withm the livmg cell — it must be admitted that we are a long 
step forward in our knowledge of the chemical basis of life That it 
is the form of nuclear matter rather than its chemical and molecular 
structure which is the important factor in nuclear activity can not 
be supposed. The form of nuclei, as every microscopist knows. 
Vanes mfinitely, and there are numerous livmg organisms in which 
the nuclear matter is without form, appearmg simply as granules 
distributed m the protoplasm. Not that the form assumed and the 
transfoimations undergone by the nucleus are without importance, 
but it is none the less true that even m an amorphous condition the 
material which m the ordmary cell takes the form of a “nucleus” 
may, in simpler organisms which have not m the process of evolution 
become complete cells, fulfill functions m many respects similar to 
those fulfilled by the nucleus of the more differentiated organism 

A Birmlai’ anticipation regarding the probability of eventual syn- 
thetic production may be made for the proteins of the cell substance. 
Considerable progress iu this direction has mdeed already been made 
by Emil Fischer, who baa for many years been engaged m the task of 
building up the nitrogenous combinations which enter mto the forma- 
tion of the complex molecule of protem It is satisfactory to know 
that the significance of the work both of Fischer and of Kossel in 
this field of biological chemistry has been recognized by the award 
to each of these distingiushed chemists of a Nobel prize 

THE CHEMICAL CONSTITUTION OE LIVING SUBSTANCE. 

The elements composmg hvmg substance are few m number. 
Those wtioh are constantly present are carbon, hydrogen, oxygen, 
and nitrogen. With these, both in nuclear matter and also, but to a 
less degree, in the more diffuse living material which we know s4 
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protoplasm, ptosphoruB is always associated “Ohne Phosphor kem 
Gedaaike” is an accepted aphorism, "Ohne Phosphor kein Leben” 
IS equally true Moreover, a large proportion, rarely less than 70 
per cent, of water appeals essential for any manifestation of life, 
although not in all cases necessary for its continuance, smce organ- 
isms arc known which wdl bear the loss of the greater part if not the 
whole of the water they contam without pormanent impan-meut of 
their vitality The presence of certam morganic salts is no less 
essential, chief amongst them bemg chloride of sodium and salts of 
calcium, magnesium, potassium, and iron The combmation of 
thase elements mto a colloidal compound represents the chemical 
basis of life, and when the chemist succeeds m building up this com- 
pound it will without doubt bo found to exhibit the phenomena 
which wo are m the habit of associatmg with the term “Me ” ^ 

SOUBOE OF LIFE — THE FOSSIBILITT OF SPONTANEOUS GENEBAillON 

The above considerations seem to pomt to the conclusion that the 
possibihty of the production of hfe, i. e,, of lii-ing material, is not so 
remote as has been generally assumed. Since the experiments of 
Pasteur, few have ventured to affirm a behef m the spontaneous gen- 
eration of bacteria and monads and other micro-orgamsms, although 
before his time this was by many beheved to be of universal occur- 
rence. My esteemed friend Dr. Charlton Bastian is, so far as I am 
aware, the only scientific man of eimnence who still adheres to the old 
creed, and Dr Bastian, in spite of numerous experiments and the 
pubhcation of many books and papers, has not hitherto succeeded 
in winning over many converts to his opmion I am myself so entirely 
convmced of the accuracy of the results which Pasteur obtained — are 
they not within the daily and hourly experience of everyone who 
deals with the sterilization of organic solutions? — that I do not hesi- 
tate to beheve, if living torulse or mycelia aie exhibited to me in 
flasks wMch had been subjected to prolonged boilmg after being 
hermetically sealed, that there has been some fallacy either in the 
premises or in the carrying out of the operation ’Ifiie appearance 
of organisms in such flasks would not furnish to ray mind proof that 
they wore the result of spontaneous generation Assuming no fault 
in jhanipulation or fallacy in observation, I should find it simpler to 
believe I bat Ihe germs of such organisms have resisted the effects of 
Iiioloiigod heat than that they became generated spontaneously. If 
spom.au('ou«s generation is possible, we can not expect it to take the 
foim of living beings which show so marked a degree of differentiation, 
both structural and functional, as the organisms which are described 

1 TljB most roeant account of tho ohemistry of protoplasm le that Tiy Botazzl (Das Cytoplosma u 

Handb d vergl Phjsiologio, Bd I, 1912 The literature Is given m this 

r.i L f 

''•"'IjijO' -'■'v I'l ' ■'I'l 



502 ANljrUAL BBPOBI SMITHSONIASr INSTITUTION, 1912. 

as malnng tlieir appearance in these experimental flasks ^ Nor 
should we expect the spontaneous generation of living substance of 
any kind to occur in a fluid the oigamc constituents of which have 
been so altered by heat that they can retain no sort of chemical resem- 
blance to the organic constituents of hving matter. If the formation 
of life, of livmg substance, is possible at the present day — and for 
my own pai’t I see no reason to doubt it — a boiled mfusion of organic 
matter, and still leas of inorgamc matter, is the last place in which 
to look for it. Our mistrust of such evidence as has yet been brought 
forward need not, however, preclude us from admittmg the possibility 
of the formation of living from nonliving substance.^ 

LINE A PRODUCT OF EVOLUTION. 

Settmg aside, as devoid of scientific foundation, the idea of imme- 
diate supernatural intervention in the first production of hfe, we are 
not only justified in behevmg, but compelled to beheve, that living 
mattei* must have owed its origm to causes similar m character to 
those which have been instrumental in producing all other forms of 
matter in the universe; in other words, to a process of gradual evolu- 
tion.® But it has been customary of late amongst biologists to shelve 
the investigation of the mode of origm of life by evolution from nonhv- 
ing matter by relegating its solution to some former condition of the 
earth’s history, when, it is assumed, opportunities were accidentally 
favorable for the passage of inammate matter into animate; such 
opportunities, it is also assumed, having never since recurred and 
being never hkely to recur.* 


I It la iRlr to point out (hat Dr Baation auggosta that the formation of ultra ralcrosoopio living partiolea 
may preoodo the nppoaranoo of the mieroseopio organisms which he describes —The Origin of Life, 19U, 
p.M 

5 The prosout position ol the subject iasueolnotlystatedhy Dr ChalmerBMitehollmhlaart]oleon“Abla- 
genesis" In the Enoyolopsedla Brltannloa Di Mitchell adds “ It may be that m the progress ol splenCB 
itmay yet be possible to construct living protoplasm Irom nonliving material The refutation of ablogonS' 
SIS has no further hearing on this possibility than to make it probable that 11 protoplasm ultimately he 
formed In the laboratory, It will be by a series of steps, the earlier steps being the formation of some sub- 
stance or substanoes now unknown which are not protoplasm Such intermediate stages may have 
ousted In the past ” And Huxley In his presidential address at Liverpool in 1870 says “But though I 
can not express this conviction (1 e , of the ImposBlbility of the ocmiircnce of abiogonesis, as exemplified 
by tho appearance of organisms In hermetically sealed and sterlUaod flasks) too strongly, I must oarotufiy 
guard juysQlf against the supposition that I Intend to suggest that no suoh " , , . ' 

taken place In the past or over will take place In tho future With organJo c - ■ , 

and physiology yet In their Infancy and every day maklag prodigious strides, 

ol presumption lor any man to sav that tho oondiUons under which matter nsaumes the nmuortles wo odt 
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Various eminent scientific men have even supposed that fife has not 
actually originated upon our globe, but has been brought to it from 
another planet or from another’ stellar system. Some of my audience 
may stiU remember the controversy that was excited whbn the theory 
of the origin of terrestrial hfe by the intermediation of a meteorite 
was propounded by Sm Wilham Thomson in his presidential address 
at the meeting of this association in Edmburgh in 1871 To this 
“meteoiite” theory ^ the apparently fatal objection was laised that it 
would take some 60,000,000 years for a meteorite to travel from the 
nearest stellar system to our earth, and it is inconceivable that any 
kmd of hfe could be mamtained durmg such a period Even from 
the nearest planet 150 years would be necessary, and the heating of 
the meteorite in passing through our atmosphere and at its impact 
with the earth would, in aU probabihty, destroy any hfe which might 
have existed within it. A cognate theoiy, that of cosmic ‘pans'permia, 
assumes that life may exist and may have existed mdefimtely in 
cosmic dust in the mteratellar spaces (Richter, 1865; Cohn, 1872), 
and may with this dust faU slowly to the earth without undergoing 
the heating which is experienced by a meteorite. Arrhemus,® who 
adopts this theory, states that if living germs were carried through the 
ether by luminous and other radiations, the time necessary foi* theii’ 
transportation from our globe to the nearest stellar system would be 
only 9,000 years, and to Mars only 20 days! 

But the acceptance of such theories of the arrival of Life on the earth 
does not bring us any nearer to a conception of its actual mode of 
ongm, on the contrary, it merely serves to banish the iavestigation 
of the question to some convomently inaccessible corner of the uni- 
verse and leaves us in the unsatisfactory position of alErming not 
only that we have no knowledge as to the mode of origiu of life — 
which is unfortunately true — but that we never can acquire such 
knowledge — which it is to be hoped is not true ® Knowing what we 
loiow, and believing what we believe, as to the part played by evo- 
lution in the development of terrestrial matter, we are, I think (with- 
out denying the possibility of the existence ol life m other parts of 
the universe^), justified in regarding these cosmic theories as inher- 
ently improbable — at least m comparison with the solution of the 
problem which the evolutionary hypothesis offers “ 

1 First suggested, according to Dastro, by de Salles-Guyon (Dastre, op olt , p 262) The theory reoetVed 
f'p ipcor* ftf TlPli’il o't/ 

!Vorl|j)i II'('Ur-'I”g ipr I li”ll Boms, Chap VIH, p 221,1908 

Ili'ior" o(scu”up ’lJ'alvv^ dangerous It Is to brush aside myaterles—i.s , unsolved problemB — 
and to Interpose the bamor placarded ‘eternal— no thoroughfare ’ E Meldola, Herbert Spencer Lecture, 
1910 

tSomo authorities, si .v "" — j -j jjjg go^aitjons in interstellar 

spate are such that life, I . i , 

As Venvorn points > > ' • of any other tbcmlcal combi- 

nation, -ffhothor inorganic or organic, which is met with on our globe, so tbat they load dirwtly tb absurd 
conclusions Allgomolne I’hysiologla, 1911. 
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THE EVOLUTIONARY HYPOTHESIS AS APPLIED TO TUB ORIGIN OF LIFE. 

I assume that the majority of my audience have at least a general 
idea ol the scope of this hypothesis, the general acceptance of which 
has withm the last 60 years altered the whole aspect not only of 
biology, but of every other branch of natural science, includmg 
astronomy, geology, physics, and chemistryd To those who have 
not this knowledge I would recommend the perusal of a little book 
by Prof. Judd, entitled “The Commg of Evolution,” which has 
recently appeared as one of the Cambridge manuals. I know ol no 
similar book m which the subject is as clearly and succinctly treated 
Although tlie author nowhere expresses the opmion that the aotiial 
origin of life on the earth has arisen by evolution from nonliving 
matter, it is impossible to read either this or any similar exposition m 
which the essential mnty of the evolutionary process is msisted upon 
without concluding that the origm of life must have been due to 
the same process, this process being, without exception, contmuous, 
and admitting of no gap at any part of its course, Lookmg there- 
fore at the evolution of living matter by the light which is shed 
upon it from the study of the evolution of matter m general, we 
are- led to legaid it as having been produced, not by a sudden alter- 
ation, whether exerted by natural or supernatural agency, but by 
a gradual process of change from material which was lifeless, through 
material on the borderland between inanimate and animate, to ma- 
terial which has all the characteristics to wliich we attach the term 
“hie ” So far from expecting a sudden leap from an inorganic, or 
at least an unorgamzed, into an oigamc and orgainzed condition, 
from an entirely mammate substance to a completely animate state 
ot bemg, should we not rather expect a gradual procession of changes 
from morgamc to organic matter, through stages of gradually m-- 
creaaing complexity untU material which can be termed livmg is 
attained ? And m place of looking for the production of fully formed 
hving organisms in heremetically sealed flasks, should we not rather 
search Nature hei-self, under natural conditions, lor evidence of the 
existence, either m the past or in the present, of transitional forms 
between livmg and nonliving matter ? 

The difficulty, nay the impossibility, of obtainmg evidence of 
such evolution from the past history of the globe is obvious. Both 
the hypothetical transitional matenal and the livmg material which 
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was originally evolved from it may, as Macallum has suggested, 
have taken the form of diffused ultra-microscopic particles of living 
substances,’- and even if they were not diffused but aggregated into 
masses, these masses could have been physically nothmg more than 
colloidal watery slime which would leave no impress upon any geo- 
logical formation Myriads of years may have elapsed before some 
sort of skeleton m the shape ol calcareous or siliceous spicules began 
to evolve itself, and tbus enabled “life” which must tdready have 
possessetl a prolonged existence, to make any sort of geological recoid. 
It follows that m aitemptmg to pursue the evolution of livmg matter 
to its begmnmg m terrestrial history we can only expect to be con- 
fronted With a blank wall of nescience 

The problem would appear to be hopeless of ultimate solution, 
if we are iigidly confined to the supposition that the evolution of life 
has only occurred once m the past history of the globe But are we 
justified in assummg that at one period only, and as it were by a 
fortunate and fortuitous concomitation of substance and circum- 
stance, living matter became evolved out of nonhving matter — ^life 
became established^ Is there any valid leason to conclude that at 
some previous period of its history our earth was more favorably 
circumstanced for the production of life than it is now ? ^ I have 
vamly sought lor such reason, and if none be forthcommg the con- 
clusion loices itseM upon us that the evolution of nonliving into 
living substance has happened more than once — and we can be by 
no means sure that it may not be happening still 

It IS true that up to the present theie is no evidence of such hap- 
penmg, no piocess of transition has hitherto been observed. But 
on the other hand, is it not equally true that the kmd of evidence 
which would be of any real value m deternumng this question has 
not hitherto been looked for? We may be certam that if life is being 
produced from nonbvmg substance it will be life of a far simpler 
character than any that has yet been observed — in material which 
we shall be uncertam whether to call animate or inanimate, even if 
we are able to detect it at all, and which we may not be able to 
visualize physically even after we have become convmced of its 
existence® But we can look -with the mmd’s eye and follow in 
imagination the transformation which nonbvmg matter may have 
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imdergone and may still be tmdei’gomg to produce iivmg substance 
No prmciple ol evolution is better founded than that insisted upon 
by Sii’ Charles Lyell, justly termed by Huxley ‘ ‘ the greatest geologist 
of his time,” that we must mterpret the past history of our globe by 
the present; that we must seek for an explanation of what has hap- 
pened by the study of what is happening, that, given similar circum- 
stances, what has occurred at one time will probably occur at another. 
The process of evolution is universal. The inorganic materials of the 
globe are continually undergomg transition New chemical com- 
binations are constantly bemg formed and old ones broken up; new 
elements are malcing their appeal anco and old elements disappearmg ^ 
Well may we ask ourselves why the production of hving matter alone 
should be subject to other laws than those which have produced, and 
are producmg the vaiious forms of nonhving matter, why what has 
happened may not happen If hvmg matter has been evolved from 
hfeless in the past, we aie justified m acceptmg the conclusion that 
its evolution is possible m the present and m the future. Indeed, we 
are not only justified in accepting this conclusion, we are forced to 
accept it "V^en or where such change from nonhvmg to Iivmg 
matter may first have occurred, when or where it may have con- 
tinued, when or whore it may still be occurrmg, are pioblems as 
difficult as they are interestmg, but we have no right to assume that 
they are msoluble. 

Smce hving matter always contams water as its most abundant 
constituent, and smce the first hving organisms recognizable as such in 
the geological aeries were aquatic, it has generally been assumed that 
hfe must first have made its appearance ia the depths of The ocean.* 
Is it, however, certam that the assumption that hfe ongmated in the 
sea IS correct ? Is not the land surface of our globe quite as likely to 
have been the nidus for the evolutionary transformation of nonliving 
into hving material as the waters which sunound it? Withm this 
soil almost any chemical transfoinaation may occur, it is subjected 
much more than matters dissolved m sea water to those fluctuations 
of moisture, temperature, electricity, and lumnioaity which are 
potent in producmg chemical changes But whether life, m the form 
of a simple shmy colloid, ongmated in the depths of the sea or on the 
surface of the land, it would be equally impossible for the geologist 
to trace its beginnings, and were it still becommg evolved in the same 
situations, it would be almost as impossible for the microscopist to 
to follow its evolution We are therefore not hkely to obtain direct 

' Swcfi tVpTCil'ic;‘oiiot‘'''’.nut-,W ri.jLvi, Mcii.- lo 13, T.-it ‘ .o",1883, T Preston,’ 

ic'j, r 0 1 110L",0I', P'lii M',; , IMT, 1> lU, 1 . .i ’Tri opoitjWOO, Q 

Diir.m, 1\.«. Vi'l- 'lilt ‘iS'n'O , nn','! 

> iVt .iri.'Umjii li !;i , or uf t3i i 'ir-l .I’.rtunii lo o' 'j'l 1 . ■ ,ng lei n 1'. ciB son, so, j} ITaoaUDni, ''Tlja 
PUcsAjen.'a'ij ‘ jLjo Ocsiiu," 14 'ls t.woi' J'j.i. , J'-'U-l 
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evidence regarding such a transformation of nonlivnig into living 
matter in nature, even if it is occurrmg under our eyes 
An obvious objection to tbe idea that the production of hving 
matter from nonhvmg has happened more than once is that, had this 
been the case, the geological record should reveal more than one 
paleontological aeries This objection assumes that evolution would 
m eveiy case take an exactly similar course and proceed to the same 
goal — an assumption which is, to say the least, improbable. If, as 
might well be the case, m any other paleontological senes than the 
one with which we are acquainted, the process of evolution of livmg 
bemgs did not proceed beyond Piotista, there would be no obvious 
geological evidence regarding it, such evidence would only be dis- 
coverable by a carefully directed search made with that particular 
object m view.^ I would not by any means minimize the difficulties 
which attend the suggestion that the evolution of hfe may have 
occurred more than once or may still be happening, but, on the other 
hand, it must not be ignored that those which attend the assumption 
that the pioduction of hfe has occurred once only, are equally serious. 
Indeed, had the idea of the possibility of a multiple evolution of 
livmg substance been first in the field, I doubt if the prevalent 
hehef regardmg a smgle fortuitous production of hfe upon the globe 
would have become estabhshed among biologists — so much are we 
liable to be mfluenced by the impressions we leceive in scientific 
childhood. 

fuethee ootjkse op evolution op life 

Assummg the evolution of living matter to have occurred — whether 
once only or more frequently matters not for the moment — and in the 
form suggested, viz, as a mass of colloidal shine possessing the property 
of assimilation and therefore of growth, reproduction would follow as 
a matter of course, for all material of this physical nature — fluid or 
semifluid in character — has a tendency to undergo subdivision when 
its bulk exceeds a certain size. Tb© subdivision may be into equal 
or nearly equal parts, or it may take the form of buds. In either cose 
every separated part would resemble the parent in chemical and 
physical properties, and would equally possess the property of taking 
in and assimilatmg suitable material from its liquid environment, 
growing in bulk, and reproducing its like by subdivision, Omne 
vivV/Tn e vivo. In this way from any beginning of living material a 
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priinitive form of life would spread, and would giadually people the 
globe The establishinent of life being once effected, all forma of 
organization follow under the inevitable laws of evolution. Oe n’est 
q%e 2e prenvier pas (jm coUtel 

We can trace in imagination the segi’egation of a more highly 
phosphorized portion of the pnnntive Imng matter, which we may 
now consider to have become more akin to the protoplasm of organ- 
isms "with which we are familial’ This more phosphorized poi'tion 
might not foi myriads of generations take the form of a definite 
nucleus, but it would be composed of matenal having a composition 
and qualities similar to those of the nucleus of a cell. Prominent 
among these qualities is that of catalysis — the function of effectmg 
profound chemical changes in other matenal in contact with it 
without itself undergoing permanent change This catalytic function 
may have been exercised directly by the hvmg substance or may have 
been earned on through the agency of the enzymes already mentioned, 
which are also of a colloid nature but of simpler constitution than 
itself, and which differ from the catalytic agents employed by the 
chemiat in the fact that they produce their effects at a relatively 
low temperatuie In the course of evolution special enzymes would 
become developed for adaptation to special conditions of life, and with 
the appearance of these and other modifications a process of differ- 
entiation of primitive living matter into individuals with definite 
specific characters gradually became established. We can conceive 
of the production m this way from originally undifferentiated living 
substance of simple differentiated organisms comparable to the 
lowest forms of Protista But how long it may have taken to arrive 
at this stage we have no means of ascertaimng To judge from the 
evidence afforded by the evolution of higher organisms it would 
seem that a vast period of time would be necessaiy for even this 
amount of organization to establish itself 

FOEMATION OE THE NUCLEATED CELL. 

The next important phase in the process of evolution would be the 
Segregation and molding of the diffused or nregularly aggregated 
nuclear matter into a definite nucleus around winch all the chemical 
activity of the organism will in future be centered. Whether this 
change were due to a slow and gradual process of segregation or of 
the nature of a jump, such as nature does occasionally make, the 
result would be the advancement of the living organism to the con- 
dition of a complete nucleated cell a material advance not only in 
bi-ganization but — still more important — ^in potentiality for future 
development Life is now embodied in the cell, and every hvmg being 
evolved from this will .itself be either a cell or a c^ aggregate. 
Otmvia cellula e cdluld. 
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ESTABLISHMENT OP SEXUAL DIFFERENCES 

After the appearance of a nucleus — but how long after it is iin> 
possible to conjecture — another phenomenon appeared upon the 
scene in the occasional exchange of nuclear substance between colls. 
In this manner became established the process of sexual reproduction. 
Such exchange in the unicellular organism might and may occur be- 
tween any two cells forming the species, but in the multicellular 
organism it became — like other functions — specialized m particular 
cells The result of the exchange is rejuvenescence; associated with 
an increased tendency to subdivide and to produce new individuals. 
This is due to the introduction of a stimulating or catalytic chemical 
agent into the cell which is to be rejuvenated, as is proved by the ex- 
periments of Loeb already alluded to It is true that the chemical 
material introduced into the germ cell m the oidmary process of its 
fertilization by the sperm cell is usually accompanied by the intro- 
duction of definite morphological elements which blend with others 
already contained within the germ coU, and it is believed that the 
transmission of such morphological elements of the parental nuclei is 
related to the transmission of parental qualities. But we must not be 
blind to the possibility that those transmitted qualities may be con- 
nected with specific chemical characters of the traiisrmtted elements ; 
m other words, that heredity also is one of the questions the eventual 
solution of which we must look to the chemist to provide 

aqgeegate life 

So far WQ have been chiefly considermg life as it is found in the 
simplest forms of living substance, organisms for the most part entirely 
microscopic and neither distmetively animal nor vegetable, which 
have sometimes been grouped together as a separate Idngdom of 
animated nature — that of Protista. But persons unfamiliar with the 
microscope are not in the habit of associatmg the term "life” with 
microscopic organisms, whether these take the form of cells or of 
minute portions of hvmg substance which have not yet attained to 
that digmty We most of us speolt and think of life as it occurs in 
ourselves and other animals with which we are faufiliar, and as we 
fipd it in the plants around us. We recognize it in these by the 
possession of certam properties — movement, nutrition, growth, and 
reproduction. We are not aware by intuition, nor can we ascertain 
without the employment of the microscope, that we and all the 
higher living beings, whether animal or vegetable, are entmely formed 
of aggregates of nucleated cells, each microscopic and each posSjessing 
its own life. Nor could we suspect by intuition that what we term 
our life is not a smgle indivisible property, capable of being hlowii 
out with a puff like the flame of a candle; but is the aggregate' of the 



610 ANNUAL EBPOET SMITHSONUN INSTITUTION, 1912 

lives of many millions of living cells of which the body is composed. 
It is but a short while ago that this cell constitution was discovered: 
it occurred within the lifetime, even within the memory, of some who 
are stUl with us. What a marvelous distance we have traveled 
since then in the path of knowledge of livmg organisms! The strides 
which were made in the advance of the mechamcal sciences durmg 
the nineteenth century, which are generally considered to mark that 
century as an age of unexampled progress, are as nothmg m com- 
parison with those made m the domain of biology, and theii* interest 
is entirely dwarfed by that which is aroused by the facts relatmg to 
the phenomena of life which have accumulated within the same period 
And not the least remaikable of these f.acts is the discovery of the 
cell structure of plants and animals. 

EVOLUTION OF THE CELL AGGREGATE 

Let us consider how cell aggi'egates came to be evolved from organ- 
isms consisting of smgle cells Two methods are possible, viz’ (1) 
The adhesion of a number of oiiginaUy separate individuals; (2) the 
subdivision of a smgle individual without the products of its sub- 
division brealdng loose from one another Np doubt this last is the 
maunef whereby the ceU aggregate was origmally formed, since it is 
that by which it is stiU produced, and we know that the hfe history 
of the mdividual is an epitome of that of the species. Such aggre- 
gates were m the beginnmg solid , the cells in contact with one another 
and even in contmuity ; subsequently a space or cavity became formed 
in the interior of the moss, which was thus converted into a hollow 
sphere. All the cells of the aggregate were at first perfectly similar 
in structure and m function; there was no subdivision of labor. All 
would take part in eSectmg locomotion, all would receive stimuli 
from outside, all would take in and digest nutrient matter, which 
would then bo passed mto the cavity of the sphere to serve as a 
common store of nourishment Such organisms are stUl found, and 
constitute the lowest types of Metazoa. Later one part of the hollow 
sphere became dimpled to foim a cup, the cavity of the sphere 
became coiTespondingly altered in shape. With this change in struc- 
ture differentiation of function betiveen the cells covering the outside 
^nd those lining the inside of the cup made its appeal ance. Those 
on the outside subserved locomotor functions and received and trans- 
mitted from cell to cell stimuli, physical or chemical, received by the 
organism; while those on the inside, being freed from such functions, 
tended to specialize in the direction of the inception and digestion of 
nutrient material, which, passing from them into the cavity of the 
invaginated sphere, seiwed for the nourishment of aH the cells com- 
posing the organism. The further course of evolution produced many 
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cKanges of form and ever-increasing complexity of the cavity thus 
produced by simple invagmation Some of the cell aggregates settled 
down to a sedentary hfe, becoming planthke m appearance and to 
some extent in habit. Such organisms, complex m form but simple 
in structure, ai’e the sponges. Their several parts are not, as in the 
higher Metazoa, closely interdependent, the destruction of any one 
part, however extensive, does not either immediately or ultimately 
involve death of the rest; all parts function separately, although 
doubtless mutually benefitmg by their conjunction, if only by slow 
diffusion of nutrient fluid throughout the mass. There is aheady 
some differentiation in these organisms, but the absence of a nervous 
system prevents any general coordination, and the individual cells are 
largely independent of one another. 

Our own hfe, like that of all the higher animals, is an aggregate hfe; 
the life of the whole is the life of the individual cells The hfe of 
some of these colls can be put an end to, the rest may continue to 
hve This is, m fact, happening every moment of our lives. The 
cells which cover the surface of our body, which form the scarf sldn 
and the hair and nails, are constantly dying and the dead cells are 
rubbed off or cut away, their place being taken by others supphed 
from Hving layers beneath. But the death of these cells does not 
afi!ect the vitahty of the body as a whole. They serve merely as a 
protection or an ornamental covering, but are otherwise not material 
to our existence On the other hand, if a few cells, such as those 
nerve cells under the influence of which lespiration is earned on, are 
destroyed oi hi]ured, within a minute or two the whole livmg machme 
comes to a standstill, so that to the bystander the patient is dead; 
even the doctor will pronounce life to bo extmet. But this pro- 
nouncement is correct only in a speciEil sense. What has happened 
IS that, owing to the cessation of respiration, the supply of oxygen 
to the tissues is out off. And since the manifestations of hfe cease 
without this supply, the animal or patient appears to be dead. If, 
however, within a short period we supply the needed oxygen to the 
tissues requirmg it, all the manifestations of hfe reappear. 

It is only some ceUa which lose their vitality at the moment of 
so-called “general death.” Many cells of the body retain their indi- 
vidual life under suitable circumstances long after &e rest of the body 
is dead. Notable among these are muscle ceUa. McWilliams showed 
that the muscle cells of the blood vessels give indications of life sev- 
eral days after an animal has been killed. The muscle cells of the 
heart in mammals have been revived and caused to beat regularly 
and strongly many hours after apparent death. In man this result 
has been obtained as many as 18 hours after life has been pronouncfiid 
extinct (Kuhabko); ia animals after days have elapsed. Waller ha^ ^ 
shown that indications of life can be elicited from various tissues many 
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houra and even days after general death. Shemngton observed the 
wlnte coipnscles of the blood to be active when kept in a suitable 
nutrient fluid weeks after removal from the blood vessels. A French 
histologist, JoUy, has found that the white corpuscles of the frog, if 
kept in a cool place and under suitable conditions, show at the end of 
a year all the ordinary manifestations of life CaireU and Burrows 
have observed activity and growth to continue for long periods in the 
isolated cells of a number of tissues and organs kept under observation 
in a suitable medium. Carrell has succeeded in substituting entue 
organs obtained after death from one animal for those of another of 
the same species, and has thereby opened up a field of surgical treat- 
ment the hmits of which can not yet he descried. It is a weU- 
establiahed fact that any part of the body can be mamtained alive 
for houi-a isolated from the rest if perfused vdth serum (Ki-onecker, 
frog heart), or with an oxygenated solution of salts in certain pro- 
portions (Ringer). Such revival and prolongation of the life of sep- 
arated organs is an ordinaiy procedure in laboratories of physiology 
Like all the other instances enumerated, it is based on tbe fact that 
the mdividual cells of an organ have a life of then’ own which is 
largely independent, so that they wiU contmue m suitable circum- 
stances to hve, although the rest of the body to which they belonged 
may be dead. 

But some cells, and the organs wh’ch are formed of them, are more 
necessary to mamtain the life of the aggregate than others, on account 
of the nature of the functions which have become specialized in them. 
This IS the case with the nerve cells of the resphatory center, smee 
they preside over the movements which are necessary to effect oxy- 
genation of the blood It is also true for tbe cells which compose the 
heart, since this serves to pump oxygenated blood to all other ceUs 
of the body; without such blood most cells soon cease to live. Hence 
we examine respiration and heart to determine if life is present, 
when one or both of these are at a standstill we know that Me can not 
be maintamed. These are not the only organs necessary for the 
maintenance of Me, but the loss of others can be borne longer, since 
the functions which they subserve, although useful or even essential 
to the organism, can be dispensed with for a time. The Me of some 
cells is therefore more, of others less, necessary for mamtaining the 
Me of the lest On the other hand, the cells composing certain organs 
have in the course of evolution ceased to be necessary, and their con- 
tmued existence may even be harmful. Wiedersheim has enumer- 
ated more than a hundred of these organs m the human body. Doubt-, 
les« nature 1=; doing her best to get lid of them for us, and our descend- 
urils will diiy have ceased to possess a vermiform appendix or a 
pliariiigeal ton-^il, until that epoch arrives we must rely for their 
leriiov al on the more rapid methods of surgery. 
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MAINTENANCE OF LIFE OF CELL AGGREGATE IN HIGHER ANIJULS 

We have seeu that in the simplest multicellular organisms, where 
one cell of the aggregate differs but little from another, the condi- 
tions for the maintenance of tbe life of the whole are nearly as simple 
as those for individual cells. But the life of a cell aggregate such as 
composes the bodies of the higher animals is maintained not only by 
the conditions for the mamtenance of the life of the individual cell 
bemg kept favorable, but also by the cooidination of the varied 
activities of the cells which form the aggiegate Whereas in the 
lowest Metazoa all cells of the aggregate are alike in structure and 
function and perform and share everything in common, in higher 
animals (and for that matter in the higher plants also) the cells have 
become specialized, and each is only adapted for the performance of 
a particular function. Thus the cells of the gastric glands are only 
adapted for the secretion of gastiic jmce, the cells of the villi for the 
absorption of digested matters from the intestme, the cells of the 
kidney for the removal of waste products and superfluous water from 
the blood, those of the heart for pumping blood through the vessels. 
Each of these cells has its individual life and performs its individual 
functions. But unless there were some sort of cooperation and suh- 
oidination to the needs of the body generally, there would be some- 
times too little, sometimes too much, gastric juice secreted, some- 
times too tardy, sometimes too rapid, an absorption from the intestme, 
sometimes too little, sometimes too much, blood pumped into the 
aiteiies, and so on. As the result of such lack of cooperation the 
life of the whole would cease to be normal and would eventually 
cease to be main tamed. 

We have already seen what are the conditions which are favorable 
for the mamtenance of life of the individual cell, no matter where 
situated The pimcipal condition is that it must be bathed by a 
nutrient fluid of suitable and constant composition In higher ani- 
mals this fluid IS the lymph, which bathes the tissue elements and is 
itself constantly supphed with fresh nutriment and oxygen by the 
blood. Some tissue cells are directly bathed by blood; and m inver- 
tebrates, in which there is no special system of lymph vessels, all the 
tissues aie thus nourished. All cells both take from and give to the 
blood, but not the same materials or to an equal extent. Some, 
such as the absorhmg cells of the viUi, almost exclusively give, 
others, such as the cells of the renal tubules, almost exclusively take. 
Nevertheless, the resultant of all the give and take throughout -the 
body serves to mamtain the composition of the blood constant under 
all circumstances. In this way the first condition of the maintenance 
of the life of the aggregate is fulfilled by insuring that the life of the 
individpal cells composing it is kept normal. ^ . 
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The second essential condition for the maintenance of hfe of the 
cell aggregate is the coordination of its parts and the due regulation 
of their activity, so that they may woik together for the benefit of 
the whole. In the animal body this is eft’ected in two ways Fust, 
tlu’ough the nervous system; and, second, by the action of specific 
chemical substances which are formed in ceitam oigans and carried 
by the blood to other paits of the body, the cells of which they excite 
to activity These substances have received the geneial designation 
of “hormones” {opfidoj, to stii up), a teim mtroduced by Prof. 
Starhng Their action, and indeed their veiy existence, has onty 
been recognized of late years, although the part which they play m 
the physiology of animals appeals to be only second in impoitance 
to that of the nervous system itself, indeed, maintenance of hfe may 
become impossible in the absence of ceitain of these hoimones. 

NERVOUS SYSTEM IN MAINTENANCE OF AGGREGATE LIFE 

Before we consider the manner m which the nervous system serves 
to coordinate the hfe of the cell aggregate, let us see how it has 
become evolved 

The first step in the process was taken when coitaiii of the cells of 
the exteraal layoi became specially sensitive to stiinuh fiom outside, 
whether caused by mechanical impressions (tactile and auditory 
stirauh) or impiessions of light and dailmess (visual stimuli) or 
chemical impressions The effects of such impressions were prob- 
ably at first simply communicated to adjacent cells and spread fiom 
cell to ceU throughout the mass An advance was made when the 
more impressionable cells threw out branching feelers amongst the 
other cells of the oigaiiism. Such feelers would convey the effects of 
stimuli with gieater rapidity and directness to distant parts They 
may at first have been retiaotile, in this respect resembling the long 
pseudopodia of ceitain Ehizopoda. When they became fixed they 
would be iiotential nerve fibers and would represent the begmnmg of 
a nervous system Even yet (as Ross Hairison has shown), in the 
course of development of nerve fibers, each fiber makes its appear- 
ance as an amceboid cell process which is at first retractile, but 
gradually grows into the position it is eventually to occupy and in 
which it will become fixed 

In the further course of evolution a certain number of these 
specialized ceUs of the external layer sank below the general surface, 
partly perhaps for protection, paitly for better nutiition, they 
became nerve cells, They remained connected with the surface by 
a prolongation which became an afferent or sensory nerve fiber, and 
tbi'ougli i(s tei ruination between the cells of the general surface con- 
tinued 1o JoceivQ the effects of external impressions; on the other 
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haoid, they continued to transmit these impressions to other, more 
distant cells by their effeient prolongations. In the further course 
of evolution the nervous system thus laid down became differentiated 
into distinct afferent, efferent, and %nteTmed%ary portions. Once 
established, such a nervous system, however simple, must dominate 
the oiganism, smce it would furnish a mechanism whereby the indi- 
vidual cells would work together more effectually for the mutual 
benefit of the whole 

It is the development of the nervous system, although not pro- 
ceeding m all classes along exactly the same line, which is the most 
prominent feature of the evolution of the Metazoa By and through 
it all impressions reaching the organism from the outside are trans- 
lated into contraction or some other form of cell activity Its for- 
mation has been the means of causing the complete divergence of the 
world of animals from the world of plants, none of which possess any 
trace of a nervous system. Plants react, it is tiue, to external 
impressions, and these impressions produce profound changes and 
even compaiatively rapid and energetic movements in parts distant 
from the pomt of application of the stimulus — as m the well-known 
instance of the sensitive plant. But the impressions are in all cases 
piopagated directly from cell to cell— not through the agency of 
nerve fibers, and in the absence of anything corresponding to a 
nervous system it is not possible to suppose that any plant can ever 
acquire the least ghmmer of intelligence. In animals, on the other 
hand, from a slight origmal modification of certain cells has directly 
proceeded in the couise of evolution the elaborate structure of the 
nervous system with all its varied and complex functions, which 
reach their culmination in the workings of the human intellect. 
‘‘What a piece of work is a raanl How noble in leason! How 
infini te in faculty! In form and moving how express and admirable! 
In action how like an angel! In apprehension how like a god!" But 
lest he be elated with his psychical achievements, let him remember 
that they are but the result of the acquisition by a few cells in a 
remote ancestor of a slightly gi eater tendency to react to an external 
Stimulus, so that these cells were brought into closer touch with the 
outer world, while on the other hand, by extending beyond the cir- 
cumscribed area to which their neighbors remamed restiioted, they 
gradually acqmred a dominating influence over the rest. These 
dominating cells became nerve cells; and now not only furnish the 
means for transmission of impressions from one part of the organism 
to another, but in the progress of tune have become the seat of 
perception and conscious sensation, of the formation and association 
of ideas, of memory, of volition, and all the manifestations of the 
.mind. 
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RBaULATION OP MOVEMENTS BY NERVOUS SYSTEM— VOLUNTARY 

MOVEMENTS. 

Tho most conspicuous part played by the nervous s3'^stcm in the 
phenomena of life is that which produces and legulates the general 
movements of the body — movements brought about by the so-called 
voluntary muscles These movements are actually tho lesult of 
impressions miparted to sensory or afferent nerves at the periphery, 
0. g , in the skin or in the several organs of special sense; the effect 
of these impressions may not be immediate, but can bo stored for an 
indefimte time m certain colls of the nervous system. The regu- 
lation of movements— whether they occur instantly after reception 
of tho peripheral impression or result after a certain lapse of time; 
whether they are accompanied conscious sensation oi are of a 
purely lehex and unconscious character — is an intricate process, and 
tho conditions of their coordmation are of a complex nature, mvolving 
not merely tho causation and contraction of certain muscles, but also 
the prevention of the contraction of others. For our present knowl- 
edge of these conditions we are largely mdebted to the researches of 
Prof Sherrmgton 

INVOLUNTARY MOVEMENTS — EEEEOTS OE EMOTIONS. 

A loss conspicuous hut no less important part played by the nervous 
system is that by which the contractions of involuntary muscles are 
regulated Under normal circumstances these are always inde- 
pendent of consciousness, but them regulation is brought about in 
much the same way as is that of the contractions of voluntary 
muscles, viz, as the result of impressions received at the periphery. 
Those ai’e tiansmiticd by afferent fibers to the central nervous 
system, and from the latter other impulses are sent down, mostly 
along the nerves of the sympathetic or autonomic system of nerves, 
which either stimulate or prevent contraction of the involuntary 
muscles Many involuntary muscles have a natural tendency to 
contmuous or rhythimc contraction, which is quite independent of the 
central nervous system. In this case the effect of impulses received 
from the latter is merely to increase or dimmish the amount of such 
contraction An example of this double effect is observed m con- 
nection with the heart, wliich, although it can contract regularly and 
rhythmically when out off from the nervous system and even if 
removed from the body, is normally stimulated to increased activity 
by impulses coming from the central nervous system through the 
synpflthetio, or to diminished activity by others coming through the 
vagus I < H d uo to the readiness by which the action of the heart is 
influenced in these opposite ways by the spread of impulses generated 
during the nerve storms which we term “emotions” that in the. 
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language of poetry, and even of every day, the woid "heart” has 
become synonymous with the emotions themselves 
The involuntary muscle of the arteries has its action similarly bal- 
anced When its contraction is increased the size of the vessels is 
lessened and thev deliver less blond, the parts they supply accord- 
ingly become pale in color On the other hand, when the contraction 
IS dimmished the vessels enlarge and deliver more blood, the parts 
which they supply become correspondingly ruddy. These changes in 
the arteries, hke the effects upon the heart, may also bo pioduced 
under the influence of emotions Thus “ blushing ” is a puiely phys- 
iological phenomenon due to diminished action of the niusculai 
tissue of the arteries, whilst the pallor produced by bright is caused 
by an increased contraction of that tissue Apart, however, fi’om 
these conspicuous effects, there is constantly proceeding a less 
apparent but not less important balancing action between the two 
sets of nerve fibers distributed to heart and blood vessels, which are 
influenced in one direction or another by every sensation which we 
experience, and oven by impressions of which we may be wholly 
unconscious, such as those which occur durnig sleep or anesthesia, or 
which affect our otherwise insensitive internal organs. 

REGULATION OP SECRETION ANU BODY TEMPERATURE 

A further matance of nerve regulation is seen in secreting glands. 
Not all glands are thus regulated, at least not directly, but in those 
which are the effects are striking Their regulation is of the same 
general nature as that exercised upon involuntary mnscie, but it 
influencea the chemical activities of the gland cells and the out- 
pouring of secretion from them By means of this regulation a secre- 
tion can be produced or arrested, increased or diminished As with 
muscle, a suitable balance is in this way mamtamed, and the activity 
of the glands is adapted to the requirements of the orgamsm. Most 
of the digestive glands are thus influenced, as are the skin glands 
, which secrete sweat And by the action of the nervous system upon 
the skin glands, together with its effect in increasing or diminishmg 
the blood supply to the cutaneous blood vessels, the temperature of 
our blood is regulated and is kept at the point host suited for mainte- 
nance of the Ifo and activity of the tissues. 

EPFEOTS OF EMOTIONS ON SECRETION. 

The action of tho nervous system upon the secretion of glands is 
strikingly exeraphfied, as m the case of its action upon the heart and 
blood vessels by the effects of the emotions. Thus an emotion of one 
land, such as tho anticipation of food, will cause saliva to flow— "the' 
mouth to water;” whereas an emotion of another kind, such as fear 
65860“— SM 191^—84 
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or anxietj’’, vail stop the secretion, causing the '‘tongue to cleave unto 
the loof of the mouth,” lendering speech difficult or impossible. 
Such arrest of the salivary secretion also makes the swallowing of dry 
food difficult Advantage of this fact is taken m the "oideal by 
rice” which used to be employed in tb,e East for the detection of 
ciiminals 

BEGULATION BT CHEMICAL AGENTS 

The activities of the cells constituting our bodies are controlled, as 
already mentioned, m another way than through the nervous system, 
VIZ, by chemical agents (hormones) cu’culatmg in the blood. Many 
of these are produced by special glandular organs, known as infernally 
secreting glands The ordinary secretmg glands pour their secretions 
on the exterior of the body or on a surface communicating with 
the exterior, the internally secretmg glands pass the materials which 
they produce dhectly into the blood In this fluid the hormones are 
carried to distant organs Their influence upon an organ may be 
essential to the proper performance of its functions or may be merely 
ancillaiy to it In the former case removal of the internally secreting 
gland which produces the hormone, or its destruction by disease, may 
prove fatal to tho organism This is the case with the suprarenal 
capsules, small glands which are adjacent to the kidneys, although 
havmg no physiological eonnection with these organs. A Guy’s 
physician, Dr Addison, in the middle of the last century showed that 
a certain affection, almost always fatal, since known by his name, is 
associated with disease of the suprarenal capsules. A short time after 
this obsexvation a Drench physiologist, Brown-S 6 quard, found that 
anmials from which the suprarenal capsules are removed rarely sur- 
vive the operation for more than a few days. In the concluding dec- 
ade of tho last century interest in these bodies was revived by the dis- 
covery that they are constantly yielding to the blood a chemical 
agent (or hormone) which stimulates the contractions of the heart 
and artel les and assists in the promotion of every action which is 
biought about tlmough the S3mipath6tic nervous system (Langley). 
In this manner tho importance of their integrity has been explained, 
although we have still much to learn regaiding their functions. 

THTHOID AND PARATHYBOrDS. 

Another instance of an internally secreting gland which is essential 
to life, or at least to its maintenance in a normal condition, is the thy- 
roid. The association of imperfect development or disease of the 
thyroid with diaordei-s of nutrition and inactivity of tho nervous sy-,- 
tem is well ascertained. The form of idiocy known as crttini-^m and 
the affection termed " myxeedema” are both associated with deficiency 
of its secretion; somewhat similar conditions to these are produced 
by the surgical removal of the gland. The symptoms are alleviated 
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or cured by the adnumatration of its juice On tbe other hand, en- 
largement of the thyroid, accompamed by increase of its secretion, 
produced symptoms of neivous excitation, and simdai symptoms 
are caused by excessive admimstration of the glandular substance by 
the mouth From these obsoivations it is infeired that the juice con- 
tains hormones which help to legulate the nutrition of the body and 
seive to stimidate the nervous system, foi the higher functions of 
which they appear to be essential To quote M Gley, to whose re- 
seaiches wc owe much of our Icnowledge rogaiding the innctions of 
this organ, "La genfise ct I’excrcice des plus hautes faculty de 
I’hoinmc sont conditionn6s pai I’action puiement chunique d’un pro- 
duit de s6cr6tion Que los psychologues m^ditent ces faits ” 

The case of the parathyroid glandules is still moic rcmaikable 
These organs weic discovered by Sandstiom in 1880 They are four 
minute boches, each no larger than a pin’s head, embedded in the 
thyroid Small as they are, then mtcinal secietion possesses hor- 
mones which exert a powerful influence upon the nervous system 
If they are completely removed, a complex of symptoms, technically 
known as "tetany,” is liable to occur, which is always serious and inay 
be fatal Like the hormones of the thyroid itself, therefore, those of 
the paiathyroids pioduce efTects upon the neivous system, to which 
they are carried by the blood, although the effects aie of a different 
kind 

PITUITARY GLAND 

Another inteinally secreting gland which has evoked considerable 
interest durmg the last few yeais is the pituitary body This is 
a small structure no larger than a cob nut attached to the base of 
the brain It is mainly composed of glandular cells Its removal 
has been foimd (by most observers) to be fatal— often within two or 
thi-ee days Its hypertrophy, when occurring dunng the general 
growth of the body, is attended by an undue development of the 
skeleton, so that the stature tends to assume gigantic proportions 
When the hypertrophy occurs after growth is completed, the extremi- 
ties, VIZ, the hands and feet and the bones of the face, aie mamly 
affected; hence the condition has been teimed "acromegaly” (en- 
largement of extremities) The association of this condition with 
affections of the pituitary was pomted out m 1885 by a distmguished 
French physician, Dr. Pierre Mane Both “giants” and "acromeg- 
alists” are almost invariably found to have an enlarged pituitary 
The enlargement is geneially confined to one part — the anterior 
lob$ — and we conclude that this produces hormones which stimulate 
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exactly in the same manner, influence the contraction of the heart 
and arteries. Its extracts are also instrumental m promo tmg the 
secretion of certain glands. Wlien injected into the blood they cause 
a free secretion of water from the kidneys and of milk from the mam- 
mary glands, noithei of which organs are directly mfluenced (as most 
other glands aic) thiough the neivous system. Doubtless under 
natural conditions these organs aie atmiulated to activity by hoi mones 
wliich are produced m the pituitary and which pass from this into the 
blood 

The inteinally secrotmg glands which have been mentioned (thy- 
roid, parathyroid, suprarenal, pituitaiy) have, so far as is known, no 
other function than that of j)roducing chemical substances of this 
character for the influencing of other organs, to which they are con- 
veyed by the blood It is mtcrcstuig to obseive that theso glands 
are aU of very small sue, none being larger than a walnut, and some — 
the parathju'Oids — almost micioscopic In spite of this, they are 
essential to the proper mamtenanco of the life of the body, and the 
total lemovai of any of them by disoaso or opeiation is m most cases 
speedily fatal 

PjVNCREAS 

There aio, however, organs in the body yioldmg internal secretions 
to the blood m the shape of hormones, but excicismg at the same time 
other functions. A strilving instance is fuimshed by the pancreas, the 
secretion of which is the most important of the digestive juices. 
This— the panel eatic juice — forms the external secretion of the gland, 
and 13 poured into the intestme, where its action uppn the food as it 
passes out from the stomach has long been recogmzed. It was, how- 
ever, discovered m 1889 by Von Mering and Minkowski that the pan- 
creas also furnishes an internal secretion, contammg a hormone which 
is passed from the pancreas mto the blood, by which it is carried first 
to the liver and afterwards to the body generally. This hormone is 
essential to the proper utilization of caibohjnhates m the organism. 
It IS well known that the carbohydrates of the food are converted 
into grape sugar and circulate in this form m the blood, which always 
eontahis a certain amount, the blood conveys it to all the cells of the 
body, and they utilize it as fuel. If, owmg to disease of the pancreas 
oy as the result of its romoval by surgical procedure, its mternal secre- 
tion is not available, sugar is no longer properly utihzed by the cells 
of the body and tends to accumulate in tbe blood; from tbe blood the 
excess passes off by tbe ladneys, producing diabetes 

DUODENUM 

Another instance of an internal secretion furnished by an organ 
which is devoted largely to other functions is the "prosecretin^^ 
found m the cells Immg tbe duodenum When the acid gastric juice 
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comes into contact with these cells it converts their prosecretm into 
“secretin ” This is a hormone which is passed into the blood and 
circulates with that flmd It has a specibc effect on the externally 
secretmg cells of the pancreas and causes the rapid outpouring of 
pancreatic juice into the intestine This effect la sundar to that of the 
hormones of the pituitary body upon the cells of the kidney and mam- 
maiy gland It was discovered by Bayliss and Starling 

INTERNAL SECRETIONS OE REPRODUCTIVE ORGANS 

The reproductive glands furnish in many respects the most interest- 
ing example of oigans which — besides their ordinary products, the 
germ and sperm cells (ova and spermatozoa) — foim hoimones which 
cumulate m the blood and effect changes m cells of distant paits of the 
body It IS through these hoimones that the secondary sexual char- 
acters, such as the comb and tad of the cock, the mane of the lion, the 
horns of the stag, the beard and enlarged laiynx of a man, are pio- 
duced as well as the many differences in form and structure of the body 
wluch are characteristic of the sexes The dependence of these 
so-called secondary sexual characters upon the state of develop- 
ment of the reproductive organs has been recognized from time itn- 
memoxial, but has usually been asciibed to influences produced 
through the nervous system, and it is only in recent years that the 
changes have been shown to be brought about by the agency of in- 
ternal secretions and hormones, passed from the reproductive glands 
into the circidatmg blood ^ 

OHEHIOAL NATURE OF HORMONES 

It has been possible in only one or two instances to prepare and 
isolate the hormones of the internal secretions in a sufficient condition 
of purity to subject them to analysis, but enough is known about 
them to indicate that they are organic bodies of a not very complex 
nature, far simpler than proteins and even than enzymes. Those 
which have been studied are all dialysable, aie readily soluble in 
water, bub insoluble in alcohol, and are not destroyed by boding, pne 
Rt least— that of the medulla of the suprarenal capsule — has been 
prepared synthetically, and when their exact chemical nature has 
been somewhat better elucidated it wdl probably not be difficult to 
obtain others in the same way. 

From the above it is clear that not only is a coordination through 
the nervous system necessary in order that life shall be maintained 
in a normal condition, but a chemical coordination is no less essential. 
These may be independent of one another, but on the other hand 
they may react upon one another For it can be shown that the 
production of some at least of the hormones is under the influence of 


I Jhe OYidaUoe is to be {ound in P. E A. Marshall, The Physiology of Reprodnotion, 19-U. ' 
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the nervous system (Biedl, Asher, Elliott); wliilst, as we have seen, 
some of the functions of the nervous system are dependent upon 
hormones 

photective chemical mechanisms. 

Thme will not permit me to refer m any but the briefest manner to 
the protective iiiechanisms which the cell aggregate has evolved for 
its defense against disease, especially disease produced by parasitic 
imcroorgamsms These, wliich with few exceptions are unicellular, 
are without doubt the most formidable enemies which the multi- 
cellular Metazoa, to which all the higher animal orgamsins belong, 
have to contend agamst To such nucroorgamsms are due inter aha 
all diseases wliich aie liable to become epidemic, such as anthi’ax and 
rindeipest in. cattle, distemper m dogs and cats, smallpox, scarlet 
fever, measles, and sleeping sickness in man The advances of 
modem medicine have shown that tlie symptoms of these diseases — 
the disturbances of nutrition, the temperature, the lassitude or 
excitement, and other nervous disturbances — are the effects of 
chemical poisons (toxins) pioduced by the microorganisms and acting 
deleteriously upon the tisanes of the body. The tissues, on the other 
hand, endeavor to counteract these effects by prodiiemg other 
chemical substances destructive to the microorgamsms or antagonis- 
tic to their action: these are known as antilodies. Sometimes the 
protection takes the form, of a subtle alteration, in the hving sub- 
stance of the cells which renders them for a long time, or even per- 
manently, insusceptible (immune) to the action of the poison. Some- 
times certam cells of the body, such as the white corpuscles of the 
blood, eat the mvndmg microorganisms and destroy them bodily by 
the action of chemical agents witlim their protoplasm. The result of 
an illness thus depends upon the result of the struggle between these 
opposing forces— the microorganisms on the one hand and the colls 
of the body on the other— both of which fight with chemical weapons. 
If the cells of the body do not succeed m destroying the invadmg 
organisms, it is certam that the invadei's will in the long run destroy 
them, for in tlua combat no quaiter is given. Fortunately we have 
been able, by the aid of animal experimentation, to acquire some 
knowledge of the manner in winch we are attacked by microorganisms 
and of the methods which the cells of our body adopt to repel -the 
attack, and the knowledge is now extensively utilized to assist our 
defense. For tlm pui-pose protective serums or antitoxins, wliich 
have been formed in the blood of other animals, are employed to 
I'fm action, of those which our own cells produoo. I, is 
not too much to assert that the Imowledge of ilie par.K-mc origin of 
so many diseases and of the chemical agents wiiich on the one ii ind 
cause, ^ and on the other combat, their symptoms, has transformed 
medicme from a mere art practiced empirically into a real science". 
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based upon experiment. The transformation has opened out an 
illimitable vista of possibilities in the direction not only of cure, but, 
more important still, of prevention. It has taken place within the 
memory of most of us who are here present. And only hist February 
the world was mourning the death of one of the greatest of its bene- 
factors — a former president of this association ' — who, by applymg 
this Icnowledge to the practice of surgery, was instrumental, even in 
his own lifetime, m saving more lives than were destroyed in all the 
bloody wars of the nineteenth century! 

SENESCENCE AND DEATH. 

Tile question has been debated whether, if all accidental inodes of 
destruction of the life of the cells could be eliminated, there would 
remain a possibility of individual cell life, and even of aggregate cell 
life, continuing indefinitely; in other words, Are the phenomena of 
senescence and death a natural and necessary sequence to the exist- 
ence of life ? To most of my audience it will appear that the subject 
is not open to debate. But some physiologists (e. g , Metclinikoff) 
hold that the condition of senescence is itself abnormal; that old age 
is a form of disease or is due to disease, and, theoretically at least, is 
capable of bemg elmnnated We have already seen that individual 
cell life such as that of the white blood corpuscles and of the cells of 
many tissues, can under suitable conditions be prolonged for days 
or weeks or months after general death. Unicellular organisms kept 
under suitable conditions of nutrition have been observed to carry on 
tbeir functions normally for prolonged periods and to show no degen- 
eration such as would accompany senescence. They give rise by 
division to others of the same kind, which also, under favorable 
conditions, continue to live, to all appearance indefinitely. But 
these instances, although they indicate that m the simplest forms 
of organization existence may be greatly extended without signs of 
decay, do not furnish conclusive evidence of indefinite prolongation, 
of life. Most of the cells which constitute the body, after a period of 
gi'owth and activity, sometimes more, sometimes 
eventually undergo atrophy and cease to perform - 
functions winch are allotted to them. And when we consider the 
body as a whole, we find that in every case the life of the aggregate 
consists of a definite cycle of changes which, after passing through the 
Stages of growth and maturity, always leads to senescence, and 
finally termmates in death The ordy exception is in the repro- 
ductive cells, in which the processes of maturation and fertilization 
result m rejuvenescence, so that instead of the usual downward 
change toward senescence, th© fertilized ovum obtains a new lease, of 
life, which is carried on into the new-formed organism. The latter, 


1 Lord Lister was president at Liverpool in 1896, 




524 ANlSrUAL BBPOBT SMITHSONIAN INSTITUTION, 19l2. 


agam itself ultimately forms reproductive cells, and thus the life of 
the species is coiitmiied It is only m the sense of its propagation in 
tliis way from one generation to another that we can speak of the 
indefinite continuance of life; we can only be immortal through our 
descendants' 

AVERAGE DURATION OF LIFE AND POSSIBILITY OP ITS PROLONGATION. 

The individuala of every species of animal appear to have an aver- 
age duration of existence.* Some species are known the individuals 
of which hve only foi a few hours, whilst others survive for a hundred 
yeara.^ In man hi ms elf the average length of life would probably 
be greater than the tlu’ee-score and ten years allotted to him by the 
Psalmist if we could eliminate the results of disease and accident; 
when these results are included it falls far short of that period If 
the terms of life given in the purely mythological part of the Old 
Testament were ci edible, man would in the early stages of his history 
have possessed a remarkable power of resisting age and disease. 
But, although many here present were brought up to beheve in them 
hteral veracity, such i-ecords are no longer accepted even by the 
most orthodox of theologians, and the nine hundred odd years with 
which Adam and his iminecUate descendants are credited, culmi- 
nating in the 969 of Methuselah, have been relegated, with the 
account of Creation and the Deluge, to their proper position in lit- 
erature. When we come to the Hebrew Patriarchs, we notice a 
considerable diminntion to have taken place in what the insurance 
officers teim the “expectation of life ” Abraham is described as 
having lived only to 175 years, Joseph and Joshua to 110, Moses to 
120, even at that age “his eye was not dim nor his natural force 
abated." We can not say that under ideal conditions aU these 
terms are impossible, indeed, Melchnikoff is disposed to regard them 
as probable, for great ages are sliU occasionally recorded, although 
it is doubtful if any as considerable as these are ever substantiated. 
That the expectation of hf© was better then than now would be in- 
ferred from the apologetic tone adopted by Jacob when questioned 
by Pharaoh as to lus ago “The days of the years of my pilgrimage 
are an hundred and thu’ty yeais, few and evil have the days of the 
years of my life been, and have not attained unto the days of the 
yeiu's of the hfa of my fathers in the days of theii' pilgrimage. ” David, 
to whom, before the advent of the modern statistician, we owe the 
idea that 70 years is to be regarded as the normal period of life,® 

I This was regarded hy Buflon as related to the paiiod of growth, bttt the ratio Is certainly hot constant 
f jT 1 11 (■*"■ ‘ -a li/ Bay Lankester in an oarly work, On Compftrativo Longevity In Kan and Ani- 

4*i's,.s:o 

* TJ a iT" isiwi''* iM o''> iiecV" 'll futrJjhcs a Vi _ iVfa- 

ulti J.,ii ih i idOiS Lliii" ^ c^v rf uiii'i'L i" ."1 "'i jih’u a' prieiioiii nrn, cempa ao'" wi ^ 1 ' 1 Cusc 

3 The expectation of life of fl liealtliy man of 60 33 still reckoned at about 20 jeard 
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is himself merely stated to have "died in a good old age ” The 
periods recorded for the Eangs show a considerable falkng off as 
compared with the Patriarchs, but not a few weie cut off by violent 
deaths, and many lived hves which were not ideal Amongst emi- 
nent Greeks and Romans lew very long lives are recorded, and the 
same is tine of historical persons in medieval and modern history. 
It is a long hfe that lasts much beyond 80; tliree such Imkcd together 
cany us far back into history Manlond is in tins lespect more 
favored than most mammals, although a few of these surpass the 
period of man's existence.^ Stiange that the brevity of human hfe 
should be a favoiite theme of preacher and poet when the actual 
term of his "einng pilgrirq^ge ” is greater than that of most of his 
fellow creatures. 

THE END OF LIFE. 

The modem apphcations of the principles of preventive medicine 
and hygiene are no doubt operating to lengthen the average life 
But even if the ravages of disease could be altogether ehminated, 
It IS ceitain that at any z’ate the fixed cells of our body must even- 
tually grow old and ultimately cease to function; when this happens 
to cells which are essential to the life of the organism, general death 
must result. TMs will always remain ihe universal law, from which 
there is no escape. "All that hves must die, passmg through nature 
to eternity.^' 

Such natural death imaccelerated by disease — is not death by 
disease as unnatural as death by accident? — should be a quiet, 
painless phenomenon, unattended by violent change. As Dastre 
expresses it, "The need of death should appear at the end of hfe, 
just as the need of sleep appears at the end of the day ” The change 
has been led gradually up to by an orderly succession of phases, and 
is itself the last manifestation of life. Wore we all certain of a quiet 
passing — were we sure that there would be "no moamng of the bar 
when we go out to sea” — we could anticipate the coming of death 
after a ripe old age without apprehension. And if ever the time shall 
, arrive when man will have learned to regard this change as a simple 
physiological process, as natural as the oucommg of sleep, the ap- 
proach of the fatal shears will be as generally welcomed as it is now 
abhorred Such a day is still distant, we can hardly say that its 
dawnmg is visible. Let us at least hope that, in the manner depicted 
by Diiiei in his weU-known etchmg, the sunshine which science irra- 
diates may eventually put to flight the melancholy which hoyerg, 
batlike, over the termination of our hves, and which even the antici- 
pation of a future happier existence has not hitherto succeeded in 
dispersing, 

' - antoallnm. omnium suparat piaster admodum piuoonitn."— Francis 

k , ■ 1037 





THE ORIGIN OF LIFE A CHEMIST'S FANTASY » 


By H E Armstrong 


“Behold, the beginning of philosophy is the obseivation of how men contradict 
each other and the search whence cometh this contiadiction and the censure and 
mistrust of hftie opiniou And it is an uiqmry into that which seems, whether it 
nghtly seems, and the discovery of a certain lule, even as we have found a balance 
foi weights and a plumb-line lor staaight and ciooked This is the begiumng of 
philosophy Epictetus 

The presidential address delivered recently to the British Associa- 
tion at Dundee by Prof Schafer and the subsequent independent 
discussion, at a Joint sitting of the physiological and zoological 
sections of the Association, of the subject considered in the president's 
disconi’se wdl at least have served as a corrective to the wave of 
vitahsm that has passed over society of late years, owing to the 
pervasive eloquence of Bergson and other writers who have elected 
to discuss the problems of life, mainly from the metaphysical and 
psychological ponits of view, with httle reference to the knowledge 
gamed by experimental mquiry 

As Prof. Schafer himself remarked, the problem of the origin of life 
is at root a chemical problem. It is somewhat surprising, therefore, 
that the chemists were not invited to jom m the debate at Dundee. 
Judgmg from the remarlcs that fell from several of the speakers, 
their sobeimg presence was by no means unnecessary. It is clear 
that, so long as biologists are satisfied with the modicum of chemistry 
which IS now held to serve then purpose, they will never be able to 
escape from the region of vague surmise. 

On the Tuesday Prof. MacaUum fancifully pictured the earth as at 
one time “ a gigantic laboratory where there had been a play of tre- 
mendous forces, notably electricity, which might have produced 
millions of times oiganisms that survived but a few horns, but in 
which also, by a favorable conjunction of those forces, what we now 
call fife might have come into existence,” I think I heard him then 
refer to the great stores of oil we now possess and imply that they 
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came into existence in those times. Chemists and geologists would 
he in agreement, I believe, that these oils were formed at a somewhat 
late geological epoch and that they are derived from fatty materials 
laid down as remams of organisms. 

Prof Benjamin Moore, brimming over with biotic energy, after- 
wards told us that “something more than structure was necessary for 
life ” He preferred a dynamic view which embraced energy, motion, 
and change; all the actions of the cell were concerned with 

the liberation of energy and its transformation mto many forms 
For the ongm of life * it was necessary to start with the 

formation of orgamc bodies The colloids, which were large aggre- 
gates of molecules, began to show the properties of dawning life, but 
it was needful also to get an energy transformer attached to the 
colloid. He also insisted that “the problem was metaphysical at the 
present moment, as through all the ages the process of life was gomg 
on. As soon as the colloids got under the mfluence of sunlight they 
started synthesiznig orgamc bodies. That process was gomg on 
now ” 

In making such statements Prof. Moore allowed his imagmation to 
run away with him, his assertions can not be justified Vague, 
sweeping generalities are out of place m such a discussion. Unless 
the steps be made clear, there can be no logic m the argument 

No doubt something more than structure is necessary for life. 
Nevertheless life is dependent on structure — ^just as is the activity of 
the steam engine. The steam engine is essentially a dynamic machine ; 
it lives only when fuel is burnt under its boiler, but the energy 
liberated in combustion is brought into action through the agency of 
a complex mechanism. And it is worth notmg that by a slight 
extension of thismechamsm the engine may be made to “remember," 
and even talk Thus, if it be caused to ch’aw a steel tape across the 
magnetic pole of a telephone while the drum of the mstrument is being 
talked at, the message is taken down by the tape, if the tape be then 
drawn back in the reverse direction, the di'um of the telephone will 
speak and dehvor the message remembered m the tape. Surely such 
an analogy with life la worth considering. Of course it will be said 
that the engme is fashioned by an mteUigence external to itself and 
if we suppose that hfe may have been self-constituted, to obtam a 
heai'uig we must discover the means of self-constitution. 

Sir William Tilden,m a letter to The Times (Sept. 10, 1912), after 
referring to the various raw materials available on the earth, remarks 

1 venture to tlunk that no chemist 1^111 be prepared to suggest a process by which, 
from the intor.ect'oTi of such materials, anything approaching a substance of the nature 
la a p( Tfcui could hi- formed or, if by a complex senes of changes a compound of this 
kind were conceivably produced, that it would present the diaractera of hving proto- ' 
plasm. 
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He appears to deprecate discussion of the problem, judging from 
the concludmg sentence of his letter 

Far be it from any man of acience to affirm tbat any given set of pbenomena ib not 
a fit Bubiec't of inquiry and that theie la any limit to what may be revealed m anawei 
to syatomatic and ■vvell-diiected investigation In the piosent luetance, howevoi, it 
appears to mo that this is not a field foi the chemist nor one in which chemistry la 
likely to affoid any assistance whatever 

I agree with Su- Wilhani Tilden that Prof Schafer’s address "leaves 
us exactly where we were” and that the “earlier part of the discourse 
leaves open the question as to a criterion by which hvmg may be 
distinguished from nonhving matter.” But I can not accept his 
statement that “we have at present, therefore, no clear idea as to 
what life IS, and therefore no clear road open to the study of the con- 
ditions under winch it origmated.” 

Like Prof. Schafer, I do not find myself hi the least helped by the 
idea that life has origmated elsewhere, by adoptmg such a con- 
clusion we only shift the difficulty a stage farther back I agree, too, 
with Prof Mhichm ui thinlang that if hfe had leached us from other 
worlds it would have found our earth unprepared to receive it and 
would have been starved out of existence, this question oj! food 
supply has not been taken mto consideration by the advocates of the 
hyiiothesis If there be life elsewhere, on other worlds than ours, 
the probability is that it more or less resembles life as we know it. 
To judge from spectroscopic evidence, the materials of which our 
world consists are those which constitute the cosmos There is but 
one element m which the potency of hfe can be said to exist — the 
element carbon , the complexities and variations which are met with 
in animate material are only possible apparently in a material of 
which carbon is the essential constituent. Carbon stands alone 
among the elements It is the only one knoivn to us whose atoms 
hang together in large numbers and can be arranged m a gi’eat 
vanety of patterns. The peculiarities of animate matter may cer- 
tainly be said to be in lai’ge measure determined by the presence of 
carbon, though nitrogen and oxygen, of course, play an all-importknt 
part. Our peculiarities may well prove to be traceable ultimately to 
those of the elements of which we are built — mdeed it can not well 
be otherwise — yet the difference must be vast between elementary 
material and livmg material. It is waste of tune, I believe, to pay 
muoh attention to the argument from analogy; indeed I feel that 
Prof. Schafer relied too much on analogy in the earlier part of his 
address 

As Dr. Haldane points out, “Living organisms are distinguished 
from everything else that we at present know by the fact that they 
maintain and reproduce themselves with their characteristic struc- 
ture and activities Nothing resemblmg this phenomenon is at 
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present known to us m the morgamo world ” I do not understand, 
howeyer, why he goes on to say, “ and if, aa we may confidently hope, 
similar phenomena ai'e ultimately found in what we at present call 
the inorganic woild, our pieaent conception of that world as a mere 
world of matter would be completely altered ” Of course it would, 
but the eventuality is one that I, as a chemist, can not contemplate 
as possible, fai from having confident hope, I beheve such discovery 
to be out of the question 

Piof, Schafer bays the contention is fallacious that growth and 
leproduction are properties possessed only by living bodies and refeis 
to the giowth of ciystals, but m this and not a few other cases, as I 
have said, he caiiies the Argument from analogy too fai The giowth 
of crystals is a process of mere apposition of hke simple units, which 
become assembled, time after tune, in smular fashion hke so many 
bricks; and thoie is no limit to crystal gi'owth Given propei con- 
ditions, large crystals inevitably increase at the expense of the smaller 
similar crystals present along with them in a solution, hence it is that 
occasionally in nature, crystals are met with of huge size The 
multiplication of similar crystals is the consequence of the presence 
of a multiplicity of nuclei in a solution, nothing corresponding to 
cell dnnsion is ever observed in cases of inoigamc growth Organic 
growth is cleai'ly a process of extreme complexity, one that involves 
the association by a variety of operations of a whole series of diverse 
units 

It is impossible to regal'd demonstrations such as Leduo has given 
with silica and other simple colloids as in any way comparable with 
the phenomena of orgamc growth. 

Moroovei, Loeb’s experiments are wrongly quoted by Schafer as 
instances of sexual reproduction. What Loeb has done has been to 
show that the life cycle may be started afresh by the introduction of 
an excitant into the ovum and has thereby shown that the process 
of fertilization by the spermatozoon is one in which at least two 
events are scored, the one being the incorporation of male elements 
with female elements, whereliy bipareutal inheritance is secured, the 
other the introduction of an excitant (hormone) which conditions 
the renewal of the vital cycle of the organism; but the development 
is that of an mcomplete being whose somatic cells lack half the normal 
number of cliromosomes 

^ Thi’ee years ago, m my address to Section B of the British Associa- 
tion at Winnipeg, I had the temerity to do what Sir Wilham Tilden 
says no chemist wiH be prepared to do, as witness the following 
passage 
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phur At some eaily penod, however, the poaabilitiea became limited and duected 
piocesses became the oider of the day Fiom that tune onwaid the chemistry pie- 
vailmg in oiganic natuie became a far simplei chemistiy than that of the laboiatory, 
the posaibilitiea were diminished, the certainties of a definite hue of action weie 
mci eased How this came about it is imposable to say, meie accident may have led 
to It Thus we may assume that some relatively simple aeymmetnc substance was 
jiroduced by the foitmtous occmience of a change under conditions such as obtain 
in dm laboiatones and that consequently the enantiomoiphousisoineiic foims ot equal 
opposite activity were piodiiced in equal amount We may auppoae that a pool 
contaimng such matenal having been diied up dust of molecidai fineness was dis- 
persed, such dust falling into other similai pools neai the ci ystallisiatioii point may 
well have conditioned the sepaiabon of only one ol ihe two isomenc foims pieseni, in 
the liquid A scpaiatioii having been once etlected lu this mamiei, aasunung the sub- 
stance to be one whu h c ould mfLueuce its own foi mation, one form i athei than the othei 
might have been pioduced An active Bubstnnee thus generated and selected out 
might then become the ongiii ot a senes of asymmetiic ayntheacs How the compli- 
cated senes of changes which conslalute life may have arisen we can not even guess 
at present, but when we contemplate the inlieient simplidty of chemical change 
and beai an mind that life seems but to depend on the eamultaneous occurrence of a 
series of changes of a somewhat diveise oidei, it docs not appear to be beyond the 
bomids of posability to arrive at a broad undeistandmg of the method of life Nor 
aie we likely to be misled into thinkmg that we can so aiiange the conditions as to 
contiol and lepioduce it, tlie senes of lucky accidents which seem to be lequiied 
foi awangements of such compleiaty to be euteied upon is so lufiuitely gieat 

It IS permissible now, perhaps, to enter somewhat more at length 
mto an explanation of the changes contemplated in this passage 

Growth most certamly proceeds on cletermmed Imes — "dii-ective 
infiiiences are the paramount influences at work m building up livmg 
tissues” (Wmmpeg address) What Prof Schafei has not pointed 
out, in contrastmg the growth of inorganic and of annnal matter, is 
that nature now works on very narrow Imes, makmg use of but little 
of the wealth of material jirimanly at her disposal. Selective mflu- 
ences must have been at woik fiom the earliest stages of the evolu- 
tion of life onward. It is m this respect, perhaps, more than any other 
that the morgaiiio differs so greatly from the organic, it is this cir- 
cumstance, loo, more than any other which makes it so improbable 
that kfe should arise frequently de novo from, simple materials not 
themselves the products of vital action 

To give an example, the hexose, glucose — a constituent of every 
plant and animal — is one of 16 isomeric compounds, all rapreaented 
by the formula 

0H2(0H) OH(OH). OE{OH). CH(OH) CH(OH) coh 

Of these 16 compounds, 14 have actually been prepared m the labo- 
ratory, and they differ considerably in properties. Tlio differences 
are due to the different distribution in space of the H and OH groups 
relatively to the carbon atoms. The 16 compounds form 8 pairs] 'and 
as the individual members of each pair have the power of rotating' 
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polarized light in opposite directions, though to an equal extent, they 
may be said to be half right-hand and half left-hand material. 

Two other hexose sugars isomeric with glucose occur naturally — 
galactose and luamioso, but the three compounds all belong to the 
one series and all may be said to be inght-hand material. 

Besides these tlu’co hexose sugars, plants also contain the ketose, 
fructose, ■winch is isoineiic ■with glucose and differs from it only m 
contanung the CO group as the second instead of as the terminal 
member m the chain of radicles composing the molecule 

CH3(0H) CH(OH) CH(OH) OH(OH) CO OHj OH 

Fructose is convertible mto glucose, and vice versa. Natuial fructose 
and glucose are both right-hand matenal Nature apparently is 
single handed and can make and wear only right-hand gloves 

It 18 possible to prepare such compounds in the laboratory from 
the simplest matenals, starting from carbonic acid — GOCOHlj — the 
compound from which the plant derives carbon. By reduction this 
is fet converted into formaldehyde, COHa- Wlien digested 'With 
weak alkali, this aldehyde, is m pai't converted mto fructose; the 
fructose Hint is formed, however, is not mei'ely the foim which is 
found in plants but a mixture of this with an equal proportion of 
the left-hand foim. When the chemist makes gloves, he usually can 
not help niakmg them in pairs for both hands. 

Some directive influence is clearly at work m the plan-fc — the for- 
maldehyde molecules, which it undoubtedly makes use of as primary 
building material, in some way become so arranged that when they 
interact thoy give only the iight-hand form of sugar There 's reason 
to think, moreover, tliat the action talsos place only in tliis ono direc- 
tion— that the sugar is the only product. My oym belief is that the 
synthesis is oJfected against a sugar template ^ just as a brick arch 
13 built upon a wooden template curved as the arch is to be curved. 

A similar argument is applicable to the albuminoid or protein mat- 
ters derived from animal and vegetable matenals, m fact, to nearly 
all the natural optically active substances, thesq aro all formed under 
directive mfliiencos It is not improbable that, exceptmg a few which 
presumably are pioducts of retrogi-ade changes, they are all of ' one 
type — nght-hand material — and apparently they stand in close genetic 
connection 

Prof, Mmchin has difficulty, he says, in imderstanding how the 
complex protoms could have arisen in nature But the difldculty m 
accounting for these is no greater than that involved in accounting 
for the formation of the sugars, The ehief difference between the 
two classes of compound is that whereas the sugars are composed of 
like simplb units, the albuminoids consist of unlilic simple units, 


' rrooeailiiiBS ol the Boyal Sooioty, 1904, vol 73, 641. 
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chiefly the vanous amino-acids The carbohydrate may be com- 
pared with a house built of bricks alone, the albummoids with a house 
built partly of bricks and partly of stone slabs of various shapes and 
sizes; the latter form of construction permits of a greater variety of 
pattern but the same buildmg operations are mvolved m the use of 
the two kinds of mateiial; though the constructive units are differ- 
ent, m both cases, the pieces ai’e placed m position and fixed by means 
of mortal' in a similar way 

The dnective mfluences at work and which preside over synthetic 
operations in the plant and animal cell are undoubtedly the enzymes, 
these apparently serve as templates and either promote synthesis by 
dehydration or the reverse change of hydrolysis, accordmg as the 
degree of concentration is varied 

But how, it will be asked, could action have taken place m times 
prior to the existence of enzymes ? What are enzymes, and how did 
they arise % 

The activity of enzymes is compai'abie with that of acids and 
alkalies, the former especially, with the exception that enzymes act 
selectively, but whereas acids will hydrolyze every kmd of ethereal 
compound and are active m proportion to then strength and the 
concentration of the solution in which they are operative, enzymes 
will act only on particular compounds; hence their special value as 
""vital” agents And the same distinction is to be made with 
respect to the synthetic activity of the two groups of agents 

At present our Icnowledge of enzymes is vague; we know little of 
their structure At most we can ^sert that they are coUoid mate- 
rials and that m some way or other they are adaptable to the com- 
pounds upon which they act The picture I form of an enzyme is 
that of a mmute droplet of jelly to which is attached a protuberance 
very closely resembling if not identical with the group to which the 
enzyme can be affixed. A geometer caterpillar attached by its hmd 
legs to a twig, with body raised so as to brmg the mouth against a 
leaf on the twig, affords a rough analogy, to my thinkmg, of the 
system within which, and withm which alone, an enzyme is active 

In the beginmng of things, carbonic acid was doubtless superabun- 
dant and reduemg agents were not far to seek; under such conditions 
formaldehyde may well have been an abundant natural product. 
The production of fructose sugar, if not of glucose, would be prac- 
tically a necessary sequence to that of formaldehyde 

But at this early stage, under natural conditions, gloves were 
always made m pairs, left-hand and nght-hand in equal numbers, 
by chance, somewhere, something happened by which the balance 
was distui'bed ; some of the left-hand gloves were destroyed, perhaps. 

Tt is well known that if a crystal be placed m a saturated, solution 
of its o"wn substance, the surface molecules will attract like molecules 
S6360“— SM 1012 36 ’ . i 
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from the solution and the crystal will grow It is not unhkely that 
a substance may exercise attraction over molecules which ai’e its own 
proximate constituents — that glucose, for example, may exercise a 
preferential attraction over molecules of formaldehyde, if such he 
the case, glucose may itself serve to mfluence and promote the forma- 
tion of glucose from formaldehyde. 

Grantmg such a possibility, if by some accident right-hand mole- 
cules preponderated m a solution m winch the conditions were favor- 
able to the synthesis of new molecules, the influence of pattern would 
prevail and a larger proportion of right-hand material would be 
formed In course of time the left-hand material would die out and 
only nght-hand material woi^ld be present — as in the world to-day. 
The argument is apphcable to compounds generally 

Even the formation of enzymes may be accounted for Under the 
influence of acid or alkah, colloid particles may well have entered 
into association with this or that group. But when onco formed 
fortuitously enzymes probably would become the models or templates 
upon which new molecules would he formed, much after the manner 
of tho dressmaker’s model upon which the dress bodice is fashioned ^ 
' But it wfll be said, "Granted even that simple substances can 
be formed m such ways, surely it is impossible to account for the 
production of protoplasm.” No doubt, this is difflcult, especially 
as the thmg we are asked to account for can not be defined I am 
tempted here agam to quote Epictetus 

Whence then shall we make a beginning? If you will consider this with toe, I 
ghall aay first that you must attend to the sense of woids 

So I do not now undeistand them? 

You do not 

How then do I use them? 

As the unlettered use written woida or aa cattle use appearances, for the uae is 
one thmg and understanding another But if you think you understand, then take 
my word you ivill and let ua try ourselves whether we understand it 

The word "protoplasm” means so httle to most people, so much 
to a few. It IS tho couvemeut cloak of au app allin g amount of 
iguorance— perhaps the scientific equivalent of the "Don’t fidget, 
child,” addressed to the too mquiimg youngster or the biological 
paraphrase of the older chemist’s catalytic action 

Is protoplasm one or many thmgs« A medium or a substance. 
In saying that, "Livmg substance or protoplasm takes the form of a 
colloidal solution. In this solution the colloids are associated with 
crystalloids which are either free in the solution or attached to the 
molecules of the colloids,” Prof. Schafer scarcely helps us to a defi- 
mtion. Nor are his later suggestions^ much more helpful Speak- 
ing of the differential septum by which h\mg suli-tance i-. usually 
surrounded^ he says, "This film serves the jourpose of an osmotic 
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membrane, permitting of exchanges by diffusion between the coUoxd 
solution constituting the protoplasm and the chcumambient me- 
dium on which it lives. Other similar films or membranes occur in 
the mteiior of protoplasm ” 

One thing only is certom — that protoplasm can not be a solution 
or anythmg appioaching to a solution in character; diverse struc- 
ture it must have, stiucture of infinite dehcacy and complexity 

Judgmg fiom his reference to the simpHcity of nuclear matenal, 
it would seem that Pi of Schafer is prepared to regard protoplasm 
as by no moans very complex But it is mconceivable that the 
germ plasm, caiiymg witliui itself as it apparently does all the form- 
ative elements of the complete organism, should be simple m struc- 
ture. It must contain a complete series of interconnected templates 
from which growth can proceed. I have elsewheie stated that pro- 
toplasm may be pictured as made up of a large number of cuils, like 
a judge’s wig, all in communication through some center, connected 
here and there perhaps also by lateial bonds of union Jf such a 
point of view be accepted, it is possible to account for the occur- 
rence, in some sections, of the complex mterchanges which involve 
work bemg done upon the substances there brought mto mteraction, 
the necessary energy being diawn from some other pait of the com- 
plex where the intei changes mvolve a development of energy. 
(Winnipeg address ) 

My nietaphoncal wig as a whole maybe taken as lepiesenting the 
racial type — ^the cnils as corresponding to separate charactei’s. 

I con xmagme so complex a structure bemg formed by a senes of 
fortmtous accidents on course of time, but talang into account the 
extraordinary fixity of natural types, so well expressed m Tennyson’s 
lines — 

So careful of the type she seems, 

So caieless of the single life, 

it seems to me improbable that a hke series of accidents should 
recur. It is on grounds such as these that I can not accord my 
sympathy to statements such as Dr. Bastian has made and that 
I can not accept the suggestion put forward by Prof. Schafer that 
life conceivably is arising de novo at the present day, let alone that 
it IS the easy process suggested so hght-heartedly by Prof Moore. 
Whei'Q are the materials ? Can we say that they exist anywhere ? 

It is useless for biologists to hve in a higher empyrean of their own 
and to disregard the mmuter details which chemical study alone can 
unravel; they will never be able to solve the complex problems of 
life or even to grasp their significance unless they pay more atten- 
tion to the ways m which building stones are shaped and mortar 
made and m wMch edifices are graduahy reared from such materials. 
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I have no desire to take exception to the general trend of Prof, 
Schafer’s addiess, but I can nob help tlnnkmg that he altogether 
underrates the complexity of vital chemical processes; while behev- 
mg that, as he says, ‘'we may faiily conclude that all changes in 
hving substance are bi ought about by ordinaiy chemical and phy- 
sical forces” and that “at the best, viLahsm oxplams nothing,” I am 
m no way prepared to uiideiiate the difhculties befoie us m finding 
satisfactoiy explanations of the origm of hfe. 

I see no loason to suppose that We may he origmatmg de novo at 
the present time nor do I boheve that we shall ever succeed in effect- 
ing the synthesis of hvmg matter 

With regard to Prof Moore’s statement that all the actions of the 
cell are concerned with the liberation of eneigy and its transformation 
into many forms, there is nothmg to show that the forms of energy 
that are operative during life are m any way peculiar. Eneigy is 
inherent m matter, apparently its primary form is that loiown to us 
as eleotncal energy; and masmuch as Faraday’s dictum that chemi- 
cal affinity and electricity are forms of the same power is incontro- 
vertible, moreover as electricity m its passage through matter is 
frittered down into heat, the mechanical effects associated with life 
are easily accoimted for, As to the origm of consciousness and of 
psychical phenomena generally we Icnow nothmg; at moat we can 
assert that we are conscious of consciousness. The effects of con- 
sciousness may well be the outcome of simple mechanical displace- 
ments of molecules such as take place m the steel tape previously 
referred to m its passage across a magnetic field varymg m mtensity. 
If nervous impulses are conveyed not along contmuous tracts but 
through the agency of mtordigitating fibers, a more alteration in the 
lengths of these fibers would condition a variation of the impulse, 
the actual conductivity of a contmuous fiber would vary also if 
chemical changes were to take place \vithm its substance. It is easy 
to see how chemical changes occurring withm a nerve or muscle cell 
would involve an alteiation m the osmotic state, which would neces- 
sarily be followed by the influx or efflux of water accordmg as the 
alteration involved an mcrease or diminution of the number of mole- 
cules in solution. Oscillatory hydraulic changes of this type may 
well be at the bottom of both nervous and muscular activity in the 
organism; in. fact, there is every reason to believe that we are but 
hydraulic engmeg 

According to Prof Moore, the colloid shows the propertk- of dawn- 
ing life; whatever this may mean, I understand lum to say that to 
make it live it is necessary to get an energy transformer attached 
to it It is surprismg how httle life there is in those who live, l^pw- 
slowly lessons are learnt The conditions which determine thp 
transformations of energy were laid down generations ago by Farar 
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day, but are disregarded to the present day There is little that is 
mysterious about them, all that is required is a proper arrangement 
of parts. To give an example, a lump of zmc in diluted sulphunc 
acid constitutes a bmary system brimful of latent energy — of energy 
awaitmg transformation but untransformable so long as the system 
remams binary. On couphng the conjoined metal and acid by means 
of a relatively electronegative conductor, however, interaction at 
once sets m, the metal attacks the acid and the acid the metal and 
energy is set free— primarily as electricity, secondai’ily as heat, 
Nothmg can stop the transformation if the ternary system be consti- 
tuted Apparently no special energy transformer is required, but 
merely a proper arrangement of parts. Given the proper an'angement, 
action is bound to take place, provided always that the system be 
one in which there is an overplus of energy 

And here comes the rub In the case of organisms, not a few 
changes take place which can only occur if energy be supplied The 
assimilation of carbon by plants is a case m point. Ordmardv this is 
effected through the agency of sunlight, but it is clear that in some 
cases, as m the fermentation of sugar, for example, energy set free 
in a change takmg place m one part of a complex molecule may serve 
to make up a deficiency preventing the spontaneous occuiTence of a 
change of the reverse order in another part of the molecule It is an 
important office of the protoplasmic complex apparently to “negoti- 
ate" such exchange or transference of energy 

With reference to Dr. Haldane’s statement that we can not express 
the observed facts by means of physical and chemical conceptions but 
must have recourse to the conception of organic umty, I am at a loss 
in the first place to understand what this conception is, if it bp in- 
consistent with chemical conceptions. I am afraid the vague in- 
deterrmnate phases of the philosopher make little appeal to the hard 
heart of the fact worshipper. My position is that while we do not 
attempt to account for that we do not imderstand or can no.t express 
clearly, all that we do imderstand is well withm our compass to ex- 
plaiu ; moreover that our power of understanding is growmg erery day. 

I do not see how Prof. Schafer and those of us who are with hun 
can be said to have ignored the actual fact of the maintenance in 
“organic unity" of the numerous physical and chemical processes 
which we can distinguish within the hving body It is far from 
being the fact that “The more detailed and exact our knowledge 
has become of the marvelous intricacies of structure and function 
within the livmg body the more difficult or rather the more com- 
pletely impossible has any physico-chemical theory of nutrition and 
reproduction become " Or that ‘ 'the difficulty stands out in its^ 
fullest prominence in connection with the phenomena of reproduc- 
tion and heredity." 



538 AITNUAL EBPOET SMITHSONJ^AN INSimmOIT, 1912, 

To make my meaning clear, let me go back to my wig. Assuming 
th.0 primordial wig to have come into existence thi’ough a series of 
lucky, fortuitous accidents, assisted by certain peculiarities inherent 
in the primary matenal and favored by the special conditions of the 
environment — wigs have ever since been made much on the pattern 
of the first wig though variations have taken place from time to time. 

Each new wig is constructed on top of an old wig and when a new 
wig IS ready, “division” takes place and the new wig is removed to 
a new “cell” together with a supply of tools and materials required 
for wig making According to the material available, while the gen- 
eral pattern is mamtamed intact, valuations may be mtrodiiced mto 
mdividual curls But two kmds of wigs are to be thought of, simple 
wigs — male and female—and compound wigs, the latter being made 
by superposmg two simple wigs alter such alterations have been 
made in each as to permit of their superposition; obviously, when 
the compound wigs are separated and worn as simple wigs, the new 
simple wigs differ somewhat from the old though they are very like 
them in general character, also it will be clear that all sorts of com- 
binations of simple wigs may be made. 

Obviously my metaphorical wigs correspond to nuclei and the 
tools and materials used m making them to the cytoplasmic ele- 
ments — assuming that the nucleus is the formative element of the 
cell. Havmg thus put wigs on the green, I trust that I have mefc the 
challenge given by Dr. Haldane and that it will be obvious that even 
the problems of reproduction and heredity, if not those of immunity, 
may be dealt with from some such pomt of view as that I have ven- 
tured to state. 

The assertion has been made ^ recently that the scientific world 
“is beginning on all sides to admit the necessity for postulatmg the 
cooperation of some 'outside' factor Lodge in England, Bergson 
in France, and Driesch in Germany are the most conspicuous apostles 
of the new movement ” 

This is but one of the many such statements made of late. An 
apostle after all is but a messenger and the character of a message 
depends a good deal on the mstruction the messenger has received, ' 
though imagination may contribute a good deal to its ultimate adpru-* 
ment. The messages delivered to the public on such a subject arc 
apt to be somewhat imaginary It is clear that they can not be even 
an approximation to truth, when no notice is taken by those who 
convey them of the results achieved by the toiling workers in the 
distant adits of the mine of science. Piiilosophers must go to school 
and study m the purlieus of experimental science, if they desire to 
speak with authority on these matters. 


» “lavolution," by Lord Emeet HamUtojj. 
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Here again I am served by tbe old Groelc cynic, "The beginning of 
philosophy, at least with those who lay hold of it as they ought, is 
the consciousness of thek own feebleness and incapacity in respect of 
necessary things ” Such sayings make us wonder at the lack of 
appreciation displayed by the sage of Chelsea in making Sartor say, 
“The 'Enchiridion of Epictetus’ I had ever with me, often as my 
sole companion, and regret to mention that the nourishment it 
yielded was trifling.” But he too was a philosopher. 

After tellmg us that the cell is now defined as a vital unit con- 
sistmg of an individual mass of the living substance protoplasm 
con taming at least one nucleus; and that the protoplasm of an ordi- 
nary cell is differentiated into two distinct components — the cyto- 
plasm or bodyplasm and the nucleus — Prof. Minchm raises the ques- 
tion whether the cytoplasm or the nucleus is to be regarded as the 
more primitive. He can not conceive, he says, tliat the earliest 
living creature could have come into existence as a complex cell, 
with nucleus and cytoplasm distinct and separate, and he is forced 
to believe that a condition m which a hving body consisted only of 
one form or type of livmg matter preceded that in which the body 
consisted of two or more structural components. 

The issue thus raised is an important one. Regarding the cell 
as the vital unit, as “the simplest protoplasmic organ which is 
capable of living alone, ” in other words, capable of growing and of 
reproducing itself, the question I venture to put is whether hfe did 
not begin only when the cell was first constituted, whether the 
materials formed prior to this period, however complex, were not all 
incoordmated and therefore inanimate. 

The term “cell” unfortunately has had somewhat different meanings 
attached to it At first, as Prof Mmchin tells us, only the hunting 
membrane or cell wall was thought of, the fluid or viscous contents 
being regarded as of secondary importance; the primary meamng, 
in fact, was that of a little box or capsule It then became apparent 
that the fluid contents were the essential hving pai-t, the cell wall 
merely an adaptive product of the contained living substance or 
protoplasm Consequently the cell was defined as a small mass or 
corpuscle of the hving substance, which might either surround itself 
with a cell wall or remain naked and without any protective envelope. 
Further advance involved the recognition of a nucleus as an essential 
component of the cell 

^ I can not think of a naked mass of protoplasm, call it chromatin 
(atainahle substance) or what you will, playing the part of an organism; 
at most I imagine it would function as yeast zymase functions. 

If it is to grow and be reproduced, the nuclear material must , be 
shut up along with the appropriate food materials and such con- 
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structive apphancea as are required to bnng about the association of 
the vaiTOUS elementa entering into the structure of the organism 
The inolosui’0 of the naked protoplasmic mass witlnn a differential 
septum (cell ivnil) thi'ough winch only the simpler food materials 
could gain an entry seems to me, therefore, a necessary act in the 
evolution of life. From tins point of new, it matters little which 
came first— cliromatin or cytoplasm 

The argument put forward by Mr. Eocles in support of the con- 
tention that nuclear matenid is the more primitive, based on the 
preponderance of the open chain clenvative argimne in the nucleus 
and of benzenoid derivatives, such as tyrosine in the cytoplasm, can 
not be regarded as valid The difference between open and closed 
chain compounds is not such that chemists can regard one as more 
primitive than the other, except it be that the open is the first to 
receive attention in the textbooks, and argimne, if not the most, is 
one of the most complex products hitherto separated from albuminoid 
materials, far more so than tyrosine • 

Argimne HN=C<;^g' CH(NH3) COOH 

Tyiosino HO OjHi CH^ CHCNHd COOH 

Argimne probably owes its value as a nuclear material to the many 
points of attachment its mtrogen atoms offer — in other words, to its 
complexity 

prof Minchiti would restrict the term "cell” to organisms in which 
the protoplasm is differentiated mto cytoplasm and nucleus definitely 
marked off from one another and would therefore deny the term "cell” 
to bacteria and their alhes. But bacteria apparently consist of 
materials differmg but little in complexity from those met with in 
higher orgamsms and they contain a variety of enzymes. The sepa- 
ration of the nucleus within a special differential septum would appear 
merely to mark it off as a separate factory within winch Special 
operations can be corned on apart from those effected in the cyto- 
plasm; the extrusion of nucleoh from the nucleus during the vege- 
tative stage IS particularly significant from tins point of view, 
especially as the nucleoli witlnn and without the nucleus stain dif- 
ferently.' The differentiation of the nucleus, therefore, may be 
merely a murk of a luglier stage of organization, but to make the 
distinction suggested between bactena and other forms appears to 
me to be unjustifiable 

From the point of view I am advocating, every organism must 
i-omc kind of inmlms '-lisihlo or lUMSiblc; ii>nic formative 
( cnioi' mound alucb llio lauom lemplaies as>CLiiblc iltai are uctiio 

1 Seo espoaialljr ‘ ' ObsemUona on the history and possible function of the nucleoli in tbo vegetotlw ceils 
01 various nninmla and plants, » by C E. Walter and Emnoes M Tozer, Quart Joum Exp Phyalol.' 
1808,2, ISV. I ^ f ’ 
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in directing the growth of the organism. The cell, in other words, 
IS the umt factory and its defimtion should be made independent of 
microscopic appearances. 

To conclude’ AE speculation as to the origin of life must savor 
of the academic, it can have no very definite outcome unless it he 
venfied expenmentally, and at present it seems improbable that 
such verification wiU be possible But speculation is none the less 
legitimate and desirable on account of the fundamental issues to 
be considered 

In discussing the problems of heredity, in deahng with disease, we 
are groping in the dark so long as we are ignorant of the precise 
nature of the vital processes and of the minute details of orgamc 
structure, no effort should be sjmred, therefore, to unravel these. 
The results of modern cytological inquiiy are veiy marvelous but 
unsatisfactory We need to Imow far more of living material, 
especially in the vegetative stage; the chemist has difficulty in 
accepting the findings of the moi’phologist at them face value; he 
can not avoid the feehng that not a few of the “structures” described 
may be artefacts beaimg but a distant resemblance to the hving 
forms, as structure is usually brought into evidence by staining and 
this can not take place until the diffeiential septa of cells are broken 
down and rendered permeable, so that the staimng and fixing process 
is one that must be attended with chemical changes, among which 
coagulation effects are to be reckoned But the appearances m 
many cases are too defimte, too wonderful, to be mere artefacts. 

What IS now needed is the combination of the eyes of the cytologist 
with those of the chemist and with those of the physiologist, the 
collaboration of the student of external structure, and the student 
of function Continued speciahzation can only cany us farther away 
from the goal we arc all striving for, though vaguely, because we have 
no settled combined scheme of action. 




THE APPEARANCE OF LIFE ON WORLDS AND THE 
HYPOTHESIS OP ARRHENIUS.^ 


By Awhonse Behgbt, 

Professor at the Pans Institute of Oceanography 

The problem of cosmogony is one of those that has most disturbed 
the mind of man. No question, mdeed, is more perplexmg than that 
of finding out whence comes the eaith, whence comes the sun about 
which it gravitates with its sister planets, towaid what goal is it 
Gained by that slow evolution that it undergoes. 

To this question Laplace was the fiist to give a scientific answer. 
Staitmg from the results of the observation of the nebul£B, different 
forms of which we can observe m the sky at different stages of their 
history, he formulated, by a true flash of genius, that wonderful 
theory that bears his name According to his conception, an incan- 
descent nebula, radiatmg its heat gi’aduoUy toward cold space, would 
contract as it cooled, these successive contractions would by degrees 
have agglomerated the constituent matter of the nebula into a 
"nucleus,” at first gaseous, then igneous fluid, the sun In propor- 
tion as the dimensions of this revolvmg nucleus — ^tho total mass of 
which remamed the same — was diminishing, its momentum of 
mertia was also dimmishmg, its velocity of rotation was mcreasing, 
and consequently the centrifugal force was mcreasmg at the same 
tune. A depression was formed on the still plastic nucleus near the 
axis of rotation; the equator expanded and gradually a rmg was 
detached from it, which on breaking gave birth to a new planet, by 
the condensmg of the matter of which it was formed. This planet 
began to revolve around the nucleus and on itself, m the same 
direction as that of the rotary motion of the central nucleus. Thus 
must the earth have been boin, thus must have been born the other 
planets, fiagments detached from the central sun, and necessaiily 
contammg the same chemical elements. 

When Laplace advanced this hypothesis, certam astronomical facts 
that are known to-day were yet unlcnown, notably the iuveise 
rotation of the satelhtes of distant planets. Nothing was known of 
the existence of new forces that modem physics has just discovered * 

1 Translated by pennlsslon from Biologioa, Paris, 2d year, No. 13, January Ifi, igl2 
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of Pansperniy, adapting it to the most recent advancement of 
modern physics 

The doctrine of Panspermy is not new, Richter was the first to 
advance it, about 1865 Later it received the distinguished support 
of the lUustnous Enghsh physicist, Lord Kelvin, and in Germany 
Helmholtz lent it the aid of his great autlionty 

In its first form, this doctrine assumed that meteorites, fragments 
resultmg fiom the colhsion between two dark bodies of the heavens, 
come in contact with a gun and brmg there germs that the explosion 
has not had time to destroy, as, when one blows up a quarry with 
dynamite, certam pieces of rock may roll to the bottom of the mourn 
tain, remaimng covered with vegetation, with hvmg germs that 
have stayed intact Uudei these conditions meteoiites could admit 
of oigamc " inclusions,” which could cairy Life to celestial bodies yet 
devoid of it. 

However, examination of this hypothesis in this very simple form 
raises objections, the principal of which is the stupendous tempera- 
ture to which the germs would be immediately subjected Meiely 
the sudden stopping of the earth in its motion, even without the 
mtervention of a collision, would suffice to volatilize its matter as a 
result of the quantity of heat liberated; if, in addition, there should 
he a collision of two celestial masses, with the liberation of the 
igneous matter composing their lespective nuclei, it is almost certain 
that not a living oigamsm would escape this thermic manifestation, 
which would reduce them to their gaseous elements. It is, then, very 
difiicult to admit of the conveyance of germs hy meteorites considered 
as “fragments” from a celestial cataclysm 

Arrhenius has completely modified the hypothesis of Panspermy 
by adapting it to the demands and achievements of modern physics. 
He has considered the possibility of the conveyance of germs Aem- 
selves, independently of aU mineral aid, and tins by brmgmg into 
play the “pressure of radiation” of which we have spoken in the 
beginning of this article, when we explamed in broad outlme the 
cosmogonic hypothesis of the Swedish physicist ^ 

We have said that by direct measurement the pressure of radiation 
on a spherule the 0 00016 of a millimeter in diameter (or 0 16 of a 
micron) might be 10 times as strong as the attractive force resulting 
from univemal gi-avitation Now germs of these reduced dimensions 
do exist Botanists know for a certainty that the spores of many 
bacteria have a diameter of 0 3 to 0 2 of a micron, and that beyond 
doubt there exist some even much smaller; the progress of the ultra- 
microscope IS beginnnig to enable ns to see these germs of -the order 
of one-tenth of a micron in size 

Let us imagine such a microorganism swept off the surface of the 
earth hy a current of air that carries it as far as the higher atmosphere, 
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say to the altitude of approximately a hundred kilometers. When 
it has reached that point it is subjected to another category of forces 
susceptible of actmg on it; these are forces of an electrical kind 

It IS, mdeed,” at about that altitude that radiations produce polar 
auroras. These auroras are caused by the arrival into the atmos- 
phere of the earth of cosmic dust connng from the sun and driven 
from it by the pressure of radiation This dust is charged negatively, 
and its discharge makes lummous the region of the atmosphere in 
which it IS Under these conditions, if a spore coming from the 
eaith’s surface is also negatively charged by contact with the elec- 
trically charged dust, it may be repelled by the latter, which wiU 
drive it toward intersideral space us a result of the electrostatic repul- 
sion of two charges of the same sign. Calculation shows that an 
electrical field of 200 volts a meter is enough to produce on a spherule 
the 0.16 of a micron in diameter a repulsion gi-eater than gravitation; 
now, the field usually observed m the atmospheric air is greater. 
Electrostatic repulsion of germs that have reached the higher atmos- 
phere 15, then, not only quahtatively, but even quantitatively possible. 

We have om’ germ, then, started on its intersideral journey Let 
us put aside for a time the conditions of existence and des I ruction 
that it may encounter among the stars, circumstances that we sluill 
study m a moment We are going to find out first of all tho condi- 
tions of tune of such a journey, effected under the influence of the 
pressure of radiation which acts on the germ as soon as it is at a s« tn- 
cient distance from the earth On its way it will be canghi , in the 
neighborhood of a celestial body, by some larger particle of tho orrlcj’ 
of size of a micron, which forms a portion of that dust scaltcri'd 
profusely around the solar systems Once earned away b\ this 
particle, which, because of its greater size, is more subject to tiie 
action of attraction than to that of the repelling force, it can then 
penetrate into the atmosphere of the planets that it wall happen 1 o 
encounter. 

If we assume that this traveling germ has a density equal lo that 
of water, wSich is obviously accm’ate for hving germs, we Ihn! lliai, 
it wiU need nearly 20 days for it to reach the planet Mam, 80 h> leach 
Jupiter, 15 months to get to the distant planet of Neptune Ihcse 
are only planets forming part of our own solar system. If wc try 
to find the time necessary for this germ to reach the solar ^vsloiii 
nearest to om’s, that is, the system whoso central sun is the s,ni of 
the constellation of the Centaiu’, we will find the dui'ation of Iho 
journey to be approximately 9,000 years. 

How will our germ, hving at the time of its departui-e, act in tho 
course of this long journey ? 

Interstellar space has a very low temperature, it is neiir .lie 
absolute zero of the physicists, which is 273' C below the t6inpei'in,ure 
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of melting ice AiTh^nius estimates the tempoiaturc of nebular 
space at -220° (53° absolute), taking physical observations as a 
basis The germ that is travehng across this space under the impulse 
of the pressui'6 of radiation must, then, endure for months, years, or 
oven centuries, a tempeiature of 220° C. below zero, what is going 
to be the result from the viewpomt of its vitahty, and more than 
all, from the point of view of its germinative power ? 

Modern physicists and physiologists answer this question victo- 
riously In the laboratory of the Jenner Institute in London, sci- 
entists have quite recently met with success in keeping in liquiil 
oxygen for 20 horns, at a temperature of 250° C below zero, spores of 
bacteria which have completely retained their germinative power 
after this seveie test. And Prof. MaePayder has kept living germs 
for more than six months at 200° C. below zero, not only without their 
germinative power having been destroyed, but even without its hav- 
ing been injured in the slightest degi’ee 

Svante Airh^mus points out that this preservation of germinative 
power at very low temperatui’es is the most natural thing possible. 
Tills power, indeed, ought to disappear only under the influence of 
some chemical reaction, and it is known that these reactions take 
place more and more slowly as the temperature of the medium is 
lowered At the temperature of interstellar space, leactions of life 
ought to be produced by an activity a thousand million tunes weaker 
than at a temperature of 10° C., and at a temperature of 220° C. 
below zero the power of germination would not diminish more during 
3,000,000 years than it diminishes m a day at the temperature with 
which we are familiar, 10° C. below zero.^ All fear m regard to the 
prolonged action of cold is therefore removed— it is, then, without 
injurious eft’ect on the germinative faculty of spores 
Time, acting alone, seems equally harmless Have not bacteria 
been found, m fact, in a Roman vault, which have certainly remained 
untouched for 1,800 years and which, nevertheless, were perfectly 
capable of germination after this long interval * 

As to the iufluence of the absolute aridity of intemtellar space, an 
agency that is added to that of cold and that of time, neither does 
this appear to be dangerous to our germ of life Scluaeder ha^ shown 
that a green alga, Pleurococcus, can live three months in a medium 
that has been completely desiccated by sulphunc acid. Prof. Ma- 
quenne, of the French Institute, has gone still further. He has demon- 
strated, with experiment and observation at hand, that seeds can 
stay several yeais in a Crookes tube — that is, in almost complete 
vacuum, -without losmg their germinative power, and Paul Becquerel 


' Arrlienlus Tiia Evolution of Worlds (Seyrig translation), p. 238. 
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has observed identical results on the spores of Mucoracete and of 
bacteria 

Paul Becquerel has carried his experiments still further In the 
Leyden laboratory ho has subjected bacteria and spores for three 
weelrs to the combmed influence of vacuum, cold ( — ^253° C ), and 
absolute aridity. Their vitality remained perfect 

The '‘circumambient conditions ” of intersidereal space are thei efore 
not hostile to the vitality of a germ that would travel theie, even for 
a very extensive period 

Another objection, however, has been made to the theory of 
Arrhenius, one that is, at least at first glance, more serious — this is 
the deadly effect of ultra-violet radiations on livmg germs 

It 13 known, in fact, that this action exists. It even exists so cer- 
tainly that drinking water is begmnmg to be sterilized mdustiially 
by utihzmg the microbicide action of ultra-violet lays Now, these 
rays, absorbed in great part by the atmosphere of the planets, travel 
freely through interstellar space. Will they not ‘‘kill” our wander- 
ing germs m the course of them journey from one world to another 
and destroy forever their germinative power? 

Paul Becquerel's experunents seem to support this possibility of the 
death of germs through the action of ultra-violet rays This mvea- 
tigator has placed diy spores in vacuum tubes, closed by a sheet of 
quartz that allowed the passage of ultra-violet rays with which the 
germs under observation were illununated. At the end of six hours 
the most resistant spores are kdled. The j’ourney of a livmg germ 
in a space fieely lUummated by ultra-violet light would therefore be 
full of dangers for the hfe of this germ, which would be exposed to a 
quick death 

But to these experiments, carried out with a care and a skill that 
make the result mdisputable, there are some opposmg arguments. 

First of aU, it must be noted that the death of the germ is not 
instantaneous; several hours were needed to destroy it, even under 
the action of a powerful light brought mto immediate proximity with 
the microorganism subjected to its effects. Now, the intensity of 
radiations varies m mverse ratio with the squares of the distances. 
Therefore at the distance of the orbit of Neptune, solar radiation is 
nearly a thousand times weaker than at the distance of the earth 
from the radiatmg body, and at half the distance of the star a of 
the Centaur, this radiation would be twenty thousand million times 
weaker. A man resists the heat of a furnace before which he stands, 
when he would die if he were thrust into the fire. 

The work of Dr. Eoux seems to have shown that it is an oxydizing 
action due to the constitution of the atmospheric medium that 
causes the deadly effect of the light on the geim, for the illuatrioiis 
85360“— SM 1912 38 
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scientist has made a senes of researches m the course of which spores 
m a vacuum have resisted/or several months the illumination of a very 
strong solar light which, had they been in the au, would undoubt- 
edly have Icdled them 

So one can conceive that a living germ, wanderuig thiough space 
and coming from a body on which life has already been manifested, 
can travel for a long time, mcanwhdo esc aping causes of destruction 
tliat suriound it, and amvo on a world still devoid of life, where 
conditions of temperatine are such that life begins to become pos- 
sible there 

It is enough that among the thousand millions of thousand md- 
hona of germs sent off into the infinite by the pressure of radiation, 
ft single one shall reach a planet that has been without life up to 
that time, m order to become tliero the point of departure of mani- 
fold organisms that will slowly evolve fiom it The mmuteness of 
such a germ moderates its fall through the atmosphere of this planet 
enough so that it does not become heated as a result of its friction 
in the atmosphere to a temperature sufficient to kill it Having 
entered the atmosphere of the new planet, it will follow its eddies 
and curi’ents, it wdl fall on a substratum, either solid or liquid, which 
will offer it the “ optima " conditions of development, life wdl be 
horn on the surface of a world lifeless tdl that tunc “And, even if 
there should elapse indhons of years between the moment when a 
planet is susceptible of carrymg life and the moment when a germ first 
falls upon It and develops there m order to take possession of it 
for orgamc life, that is very little in comparison with the extent of 
time duiiug which tins life wdl be able to exist there m complete 
development 

And so, accoiding to this magnificent conception of the Swedish 
physicist, life can be carried from one planet to another Germs 
swept away by ascending air currents winch cany them to the lim- 
its ol the atniospheio are repelled by the electrically chaiged dust 
tliat has peiietiated there, commg from suns that bave driven it away 
by the repellmg piessure of their radiation After they have arrived 
in space they attach themselves to some atraymg gi’ams of dust of 
greater dimensions than theirs and consequently capable of ob63dng 
the attraction of a neighboring planet rather than the repellmg force 
of radiation, they then penetrate into the atmosphere of this new 
planet and biffiig life to it, if life has not yet developed there 

And in that case one is forced to the conclusion that if all beings 
that live On a certam planet are derived from one initial germ, they 
have been able to reproduce in their almost infinite variety only by 
the evolution of forms that can have come from this origmal germ- 


> ArrIiSnSna, ibid , p 241. 
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Formed of cells composed of diiect combinations of carbon, hydro- 
gen, and mtrogen, they have in themselves a necessaiy analogy to 
then constituent matter 

The elements that constitute this matter are those of the traveling 
germs, and the latter may fall eithoi on one planet or another, there 
must, therefore, also ho some analog}^ between the beings livmg on 
the planets of a solar system and those livmg on the earth, with still 
more reason il they inhabit planets that revolve around the same 
sun And so the naivete seems childish that makes people conceive 
of the “Martians'’ as strange creatures possessing the unknown 
functions of the animals of the earth 

Another conclusion is also forced upon us “Life is an eternal 
rehegmnmg” , and this conclusion of Arrhfimus m what concerns the 
world of life is the same as that indicated by his theory of the uni- 
verse, namely, that new celestial bodies are born from the collision of 
two dark suns. It is the eternal cycle of which the “ring” is the 
symbol . 




THE EVOLUTION OF I^IAN.* 


By Piof G Elliot Smith, M A,M D,Ch M,F E S 


THE SCOPE OF EVOLUTION 

In a recent adtliess Loid Moiley referied to "evolution” as "the 
most overworked word m all the language of the day,” neverthe- 
less, ho was constrained to admit that, even when discussmg such a 
theme as histoiy and modem politics, "we can not do wthout it ” 
But to us in this section, concerned as we are with the pioblems of 
man’s nature and the gradual emeigence of human structure, cus- 
toms, and mstitutions, the facts of evolution form the very fabric 
the threads of which we are endeavoring to disentangle, and in mk-Ii 
studies ideas of evolution find more obvious expression than'm(i«i 
of us can detect m modern politics In such circumstances we aie 
peculiaily hable to the risk of "overworking” not only the i^’ord 
"evolution,” but also the apphcation of the idea of evolution to the 
material of our investigations 

My predecessor in the oflbce of president of this section last vear 
uttered a protest against the tendency, to which Biitish anthropolo- 
gists of the present generation seem to be peculiarly prone, to rcm^ 
evolutionary ideas into many events in man’s history and the spreail 
of his knowledge and culture in which careful investigation can 
detect no indubitable trace of any such influences having been til 
work, 

I need offer no apology for repeatmg and emphasizing some of ilio 
points brought forward m Dr Rivers’s deeply instructive addro^t , 
for his lucid and convincing account of the circumstances that ha(l 
compelled him to change his attitude toward the mam problem', efl 
the history of human society m Melanesia first brought home to me 
the fact, which I had not clearly reahzed until then, that in my own 
experience, working in a very different domain of anthropologv on 
the opposite side of the world, I had passed through phases preci-oly 
analogous to those described so graphically by Dr Rivers. He told 

‘ Addie^B clollverod boforo tbo Anthropological Section at the Dundee meeting of tbs Britl^ Aas' itf,- 
tlon for the Advaneomenl of Soicnoo In Soptembar, 1912 Eep^nlte(ib^ pn rU’l.'in ' o .1 Vrii 10 , L.iudo 1 , 
Sppt 25, 1012 II reprctienU theaddres^ os It ^aa delivered at the mcoAu,!, 1 )•> 1,11 ( h ■ L()-Jcu.(!d. 

and. toairanged foini of that appealing In the atbutiaiiou’s reporis 
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US that in Hs fust attempts to trace out “the evolution of custom 
and institution” lie started from the assumption that “where simi- 
laritias are found in different parts of the world they are due to inde- 
pendent origin and development, which m tuin is ascribed to the 
fundamental similarity of the workings of the human mind all over 
the world, so that, given sinnlai conditions, siniilai customs and 
institutions will come into existence and develop on the same hues ” 
But as he became moie familiai with the materials of his lesearch he 
found that such an attitude would not admit of an adequate explana- 
tion of the facts, and he was forced to confess that he “had ignored 
considerations aiismg from racial mixture and the blending of 
cultures ” 

I recall these statements to your recollection now, not merely for 
the purpose of emphasizmg the far-reaching significance of an address 
which IS certain to be looked back upon as one of tbe most distinctive 
and mfiuontial utterances from this piesidential chaii, nor yet with 
the object of telling you how, m the couise of my investigations upon 
the history of the people in the Nile Valley,^ I also staited out to 
search for evidences of evolution, but gi’adually came to realize that 
the facts of lacial admixture and the blending of cultures were far 
mole obtrusive and significant My intention is lather to investigate 
the domam of anthropology in which unequivocal evolutionary 
factois have played a definite idle, I refer to the study of man’s 
genealogy, and the forces that deteimmed the piecise line of devel- 
opment his ancestors pursued and ultimately fashioned man himsell. 

I suppose it is inevitable in these days that one teamed in biological 
ways of thought should approach the problems of anthi’opology with 
the idea of independent development as his gmdmg principle; but 
the conviction must be reached sooner or later, by every one who 
conscientiously, and with an open mmd, seeks to answer most of the 
questions relating to man’s history and achievements — certainly the 
chapters in that lustory which come within the scope of the last 60 
centuries — that evolution yields a surprisingly small contribution to 
the solution of the difficulties which present themselves Most of 
the factors that call foi investigation concemmg the history of man 
and lus works are unquestionably the direct effects of migrations and 
the intermingling of races and cultures 

But I would not have you misunderstand my meaning Nothing 
could be further from my intention than to question the reality of 
evolution, as understood by Charles Darwin, and the tremendous 
influence it is still exerting upon mankind In respect of opT-tain 
perils man may, perhaps, have protected himself fi-om “Ike- genojai 
operation of that piocess of natm’al selection and survival of the fittest 
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which., up to his appearance, had been the law of the living world” 
(Sir Ray Laukester), but it has been demonatiated quite definitely 
that man, in virtue of these veiy heightened poweis, which, to some 
observers, seem to have secured him an immumty fiom what Sir Ray 
Lankester calls nature’s inexorable discipline of death,” is con- 
stantly exposing himself to new conditions that favor the operations 
of natural selection, as well as other forms of “selection” to which 
his nicreased powers of intelligent choice and his subjection to Ihe 
influences of fashion expose him 

It IS not, however, with such contentious matters as the precise 
mode of operation of evolution at the present day that I propose to 
deal, nor yet with the discussion of when and how the races of man- 
land became specialized and differentiated the one fiom the other. 
It is the much older stoiy of the origm of man himself and the first 
ghimneimgs of human characteristics amidst even the remotest of his 
ancestors to which I invite you to give some consideration to-day 

In a recently published book ^ the statement is made that “the 
uncertamties as to man’s pedigree and antiquity are still great, and 
it 13 undeniably difficult to discover the factors in his emergence and 
ascent.” There is undoubtedly the widest divergence of opmion ^as 
to the precise pedigree, nevertheless, thejo seems to me to be ample 
eyidehce now available to justify us sketchmg the genealogy of man 
and confidently drawmg up his pedigree as far back as Eocene times— 
a mattei of a million years or so — with at least as much certainty 
of detail and completeness as m the case of any other recent mammal, 
and if all the factois m his emergence are not yet Icnown, there is one 
unquestionable, tangible factor that we can seize hold of and examine— 
the steady and imifoim development of the bram along a well- 
defined coume thioughout the piunates right up to man — which must 
give us the fimdamental leason for “man’s emergence and ascent,” 
whatever other factor’s may contribute toward that consummation 

What I piopose to attempt is to put into serial order those verte- 
brates which we have reason to believe are the nearest relatives to 
man’s ancestors now available for examination and to determine 
what outstanding changes in the structure of the cerebral hemispheres 
have taken place at each upward step that may help to explain the 
gradual acquirement of the distmctivoly human mental faculties, 
which, by immeasurably mcreasing the power of adaptation to vaiy- 
ing circumstances and modifymg the process of sexual selection, have 
made man what he is at present 

The bnks in the chain of our ancestry supplied by paleontology are 
few and of doubtful value if considered apart from the iHummation 
of comparative anatomy " , 


> J A Thomson and P Geddes, " Evolution,’' 1912, p 102. 
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Psychologists have 'formulated certain definite phases through 
which the evolution of intelligence must have passed in the process 
of gradual building up of the structure of the mind. The brain in a 
sense is the incarnation of this mental structm'e, and it seemed to nie 
that it would bo instructive, and perhaps useful, to employ the facts 
of the evolution of the biain as the cement to umto into one compre- 
hensive stoiy the accumulations of knowledge concerning the essen- 
tial facts of man’s pedigree and the factors that have contnhuted to 
Ills emergence, which have been gathered by workers m such diveise 
departments of knowledge as zoology and comparative anatomy, 
geology and paleontology, and physiology and psychology 

For it was the evolution of the bram and the ability to profit by 
experience, which such perfectmg of the cerebral mechanism made 
possible, that led to the emergence of mammals, as I attempted to 
demonstrate in opening the discussion on the origin of mammals at 
the Portsmouth ineetmg last year; ^ and from the mammalia, by a 
contmuation of this process of building up the cerebral cortex, or, if 
you prefer it, the structure of the mind, was eventually formed that 
living creature which has attamed the most extensive powers of profit- 
ing by individual experience 

The study of the bram and mind, therefore, should have been the 
first care of the investigator of human origins Charles Darwin, with 
his usual pei-spicuity, fully realized this, but since his time the rble 
of mtelligence and its instruments has been almost wholly ignored in 
these discussions, or when invoked at all wholly irrelevant aspects of 
the problems have been considered 

There can be no doubt that this neglect of the evidence which the 
comparative anatomy of the brain supplies is in largo measure due to 
the discredit cast upon this branch of knowledge by the smgulariy 
futile pretensions of some of the foremost anatomists who opposed 
Darwin’s views in the discussions which took place at the meetings 
of the British Association and elsewhere more than 40 years ago 

Many of you no doubt are f amihar with Charles Kmgsley’s dehght- 
ful ridicule of these learned discussions in the pages of “Water 
Babies.” The controversy excited by Sir Richard Owen’s conten- 
tion that the great distinctive feature of the human bram was the 
possession of a structure that used to be called the hippocampug 
minor was not unjustly the mark of his scathing satire 

Tlie piofeasor Iiod even got up at the British Asaocmtion. and declared that apes had 
hippopotamus majors in their biums, just as men have Which was a shocking thing 
to say; for, if it were so, what would become of the faith, hope, and charity of immortal 
millions? You may think that there are other more important differences betweeh 
you and an ape, such as being able to speak, and make machines, and know nght from 
wrong, and say your prayers, and other little matters of that kind, but that 13 only a 

< DJaoussIon on tne" Origin or Jranmlals’' at the meetings of SeotlonD (Brit Assoc Keprjits, l<ni,p 424). 



EVOLtmOlT OF man — SMITH. 


657 


child'H fancy, my dear Nothing is to be depended upon but the great hippopotamus 
test If you have a hippopotamus majoi in your bram, you aie no ape, though you 
had four hands, no feet, and ■were more apeish than the apes of all aperies Always 
remember that tlie one true, certain, final, and all-iraportant difleience between you 
and an ape is that you have a hippopotamus major in your brain and it hae none. If 
a hipiiopotamus 'was discovered in an ape’s brain, why, it would not be one, you know, 
but somethmg else 

The measure of the futility of the contention thus held up to scorn 
can be more justly realized no'w, for some years ago I <hscovered that 
the featuie referi’ed to m Eongaley’s builesque phrase, “hippopotamus 
major,” which Owen claimed to bo distmctive of the human brain, 
and Huxley mauitamed was present also in apes, is quite a primitive 
characteristic, and the common property of the mammalia m general 

This illustration of the nature of the discussions which distracted 
attention from the real jiroblems, although the most notorious one, 
IS unfortunately characteristic of the state of affaus that prevailed 
when prejudice blinded men’s eyes to the ob'vions facts that were 
caUmg so urgently for cahn mvestigation 

MAN’S PEDIGREE 

No one who is famdiar with the anatomy of man and the apes can 
refuse to admit that no hypothesis other than that of close kmship 
affords a reasonable or creditable explanation of the extiaordmarily 
exact identity of structure that obtams m most parts of the bodies 
of man and the gorilla To deny the vahdity of this evidonco of 
near kmship is tantamount to a confession of the utter uselessness of 
the facts of comparative anatomy as indications of genetic relation- 
ships, and a reversion to the obscurantism of the dark ages of biology. 
But if anyone still harbors an honest doubt m the face of this over- 
whehning testimony from mere structure, the reactions of the blood 
■will confirm the teachmg of anatomy, and the susceptibiht v of the 
anthropoid apes to the infection of human diseases, from whicb oilier 
apes and mammals in general are immune, should complete and < bnch 
the proof for all who are 'wilhag to be convinced. 

Nor can anyone who, with an open mmd, applies similai’ Usis to 
the gibbon refuse to admit that it is a true, if very primilivo, am uio- 
poid ape, nearly related to the common ancestor of man, the goiilla, 
and the chimpanzee. Moreover, its structure reveals irululjualilo 
evidence of its derivation from some primitive Old World or ciiua- 
rhine monicey akin to the ancestor of the langur, the saervd mojikey 
of India. It is equally ceitam that the catarrhme apes v-to dcuivod 
from some primitive platyrrhine ape; thoother,les3modifi('d, descend- 
ants of which we recognize in the South American monkt'v-s of tlie 
present day; and that the common ancestor of all those jiihnatis 
"Was a lemuroid nearly akm to the cdrious little speclial taisior, 
which stdl haunts the forests of Borneo, Java, and the jungli boring 
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islands, and awakens m the minds of tho peoples of those lands a 
superstitious dread — a sort of mstinctive horror at the sight of the 
ghost-like representative of their first prmiate ancestor. 

This much of man’s pedigree will, I thmk, bo admitted by the great 
majority of zoologists who aie familiar with the facts; but I beheve 
we can push tho line of ancestry still further back, beyond the most 
primitive primate into Haeckel’s suborder Menotyphla, which 
most zoologists regard as constituting two families of insectivora 
I need not stop to give the evidence for this opinion, for most of the 
data and arguments m support of it have recently been summanzed 
most excellently by Dr W K Gregory ^ 

This group includes tho oriental tree shrews and the Africajn 
jumping shrews The latter (Macroscelididas), hvmg m the ongmal 
South African home of the inaimnalia, present extraordmardy prnhi- 
tive features Imkmg them by close bonds of aflinity to the maisupitlls. 
The tree shrews (Tupaiidai), however, which range from India' to 
Java, while piesentmg very definite evidence of kinship to their 
humble Afiican couams, also display in the structure of their bodies 
positive evidence of relationshi]! to the stem of the aristocratic 
primate phylum 

Quito apart from the strikmg similarities produced by identical 
habits and habitats, theie are many structural identities m the tree 
slmews and lemuroids, not directly associated with such habits, which 
can he interpreted only as evidcncos of affinity 

THE NEOPALLIUM AND ITS RELATION TO THE ABILITY OF LEARNING 

BY EXPERIENCE 

IlEving now sketched tho broad lines of man’s pedigree right back 
to the most prnmtive mammals, let us next consider what were the 
outstanding factors that determined the course of his ancestors' 
progressive evolution 

The class mammalia, to which man belongs, is distmguished in 
structure from all other vertebrates mainly by the size and bigb 
development of the brain, and, as regards the behavior of its members, 
by the fact that they arc able in mimeasurably greater degree than 
all other animals, not oxcludmg oven birds, to' profit by individual 
experience Tho behavior of most, or perhaps it would be more 
correct to say ail, animals, however complex and nicely adapted to 
their circumstances it may seem, is essentially mstmetive; and the 
main problem we have to solve, ui attemptmg to explam the emer- 
gence of the distinctive attributes of the creature which in greater 
measure than any other has puccoeded in subordmating its instincts 
to reason, is the means by which it has become possible for the eflects 
of individual experience to be brought to bear upon conduct. " 


1 "Tlio Orders otMaminala.’'BiiU.Amer Mua Nat Hist.vol 27, 1910, p, 321’, 
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The abihty to learn by experience neceasanly implies the develop- 
ment, somewhere m the bram, of a somethmg which can act not only 
as a receptive organ for impressions of the senses and a means for 
securing that then influence will find expression in modifying be- 
havior, but also serve m a sense as a recording apparatus for storing 
such impressions, so that they may be revived m memory at some 
future tune ni association with other impressions received simul- 
taneously, the state of consciousness they evoked, and the response 
they called foith 

Such An organ of associative memory is actually found in the brain 
of mammals It is the cortical area to which 11 years ago I apphed 
the term “neopalhum Into it pathways lead from all the sense 
oigans, and each of its territories, which receives a definite kind of 
impression, visual, acoustic, tactile, or any other, is hnked by the 
most intimate bonds with all the others In spite of the disapproval 
of the psychologists, we can mdeed regard the neopalhum as fulfifluig 
aU the conditions of the sensonum communci which Aristotle and 
many generations of philosophers have sought for 20 centuries; for it 
is unquestionably a “unitary organ the physical processes of which 
might be regarded as correspondmg to the unity of consciousness. ” 
(Wm MacDougall ) 

Nothing that happens m this area m the course of its enoimous 
expansion and differentiation ui the Inghor mammals materially affects 
this fundamental purpose of the neopalhum, which contmues to 
romaui a unff>nng oigan that acts as a whole, though each part is 
favorably placed to leceive and transmit to the rest its special quota 
to the sum total of what we may call the materials of conscious life 

The consciousness which resides, so to speak, m this neopalhum, 
and IS fed by the contmual stream of sensory impressions pouring 
into it and awakening memories of past sensations, can express itself 
directly m the behavior of the animal through the intermediation of 
a part of the neopalhum itself, the so-called motor area, which is 
not only kept m mtimate relation with the muscles, tendons, and 
skm by sensory nnpressions, but controls the voluntary response^ 
of the muscles of the opposite side of the body 

THE DIFFERENTIATION OP MAMMALS AND THE EFFECTS OF SPE- 
CIALIZATION 

The possession of this higher type of brain enormously widened 
the scope for the conscious and mtelhgent adaptation of the ammaj 
to varying surroundings, and in the exercise of this -.-—1’- 
ability to learn from inchvidual experience, and so . ■ 

possibihties of fresh sources of food supply and new ■ o > 

I «Ti n N"h 'V ’I'lu-To'-j’' o' t! ’ C-rebrel HewisplierQ,” Joiirn Anat and Tiivs , val 3atl9()l)p 131 
I ' , " d Cflc Incli"!.! 0 1 ni>( 'il’ loi of the brain, Lancet, Jan IS, 1910, p 163 
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tHe way ’vv^as opened foi an infinite senes of adaptations to varying 
environinents, entailing structural modifications in -vliich the 
enhanced plasticity of the new typo of anmial found expression. 

Nature tried innumerable experiments with the new type of brain 
almost as soon as the humble Therapsid-hke mammal felt the impe- 
tus of Its new-found power of adaptation In turn the Protothorian 
and Metathenan types of hram were tried before the more adaptable 
scheme of the Butherian brain was evolved 

The new breed of intelligent creatures rapidly spread from their 
South Afiican home throughout the whole world and exploited every 
mode of hvehhood. The power of adaptation to the particular 
kind of life each group chose to pursue soon came to be expressed 
in a bewildermg variety of specializations in structure, some for 
livmg on the earth or burrowing in it, others for living in tiees oi 
even for flight, others, again, for an aquatic existence Some 
mammals became fleet of foot and developed hmbs specially adapted 
to enhance then powers of rapid movement They attained an 
early pieeimnenco and were able to grow to large dimensions m 
the slow-moving world at the dawn of the age of mammals Others 
' developed hmbs specially adapted for swift attack and habits of 
stealth successfully to prey upon theur tlefenseless relatives. 

Most of these groups attamed the immediate success that often 
follows upon early speciahzation, but they also paid the mevitahlo 
penalty. They became definitely committed to one particular 
kind of Me, and in so domg they had sacrificed their primitive 
simplicity and plasticity of structure and m great measure theu' 
adaptability to new conditions. The retention of primitive char- 
actem, which so many writers upon biological subjects, and espe- 
cially upon antliropology, assume to be a sign of degradation, is not 
really an mdication of lowhness. We should rather look upon high 
speciahzation of hmbs and the nariowmg of the manner of hving 
to one particulai groove as confessions of weakness, the renuncia- 
tion of the wider hfe for one that is sharply crrcumscnbed 

The stock from which man eventually emerged played a very 
humble rdle for long ages after many other mammahan orders had 
waxed great and strong But the race is not always to the swift, 
and the lowly group of mammals which took advantage of its 
msigmficance to develop its poweis evenly and very gradually 
without sacnficiug in narrow specialization any of its possibihties 
of future achievement, eventually gave birth to the dommant and 
most intelligent of ah. living creatures. 

The tree shrews ai’e small squurel-hkfe animals which feed on 
' ‘insects and fruit, wMch they usually seek in trees, but also occar 
sionahy on the ground, Wxm feeding, they often sit on thoir' 
liaunches, holding the food, after the manner of squirrels, in their 
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fore paws.” ^ They aie of “lively disposition and great agihty ” ^ 
These vivacious, large-bramed little msectivores, linked by mani- 
fold bonds of relationship to some of the lowliest and most primitive 
mammals, present in the stractiire of their skull, teeth, and limbs 
undoubted evidence of kmship, remote though none the loss sure, 
with then compatriots the Maylaysian lemma, and it is singularly 
fortunate foi us in this mqiiiiy that side by side theie should have 
been preserved fiom the remote Eocene times, and possibly earher 
still, these inscctivoros, which had almost become piunates, and a 
little primitive lemuroid, the spectral taisici, which had only just 
assumed the chaiacters of the primate stock, when natuie fixed 
their types and preserved them throughout the ages, with relatively 
slight change, for us to study at the piesent day. 

Thus we are able to mvestigaie the mfluenoe of an aiboieal mode 
of life in stimulatmg the progressive development of a piunitiv6 
ma mm a.1 and to appieciate precisely what changes weie necessary 
to convert the lively, agile Ptilocercus-like ancestor of the piimates 
mto a leal piimate 

In the forerunners of the mammalia the ceiebral hemispheie was 
predommantly olfactory in function, and even when the true mam-> 
mal emerged and aU the other senses received due representation 
in the neopallium the animal’s behavioi was still mfliienced to a 
much greater extent by smell impressions than by those of the other 
senses 

This was due not only to the fact that the sense of smell had 
already mstaUed its iustruments in and taken firm possession of 
the cerebral hemisphere long befoic the advent m this dominant 
part of the bram of any adequate representation of the other senses, 
but also, and chiefly, because to a small land-grubbmg animal the 
guidance of smell impressions, whether m the search for food of as 
a means of recognition of friends or enemies, was much more serv- 
iceable than all the other senses Thus the small creature’s mental 
life was lived essentially m an atmosphere of odois, and every object 
in the outside world was judged primarily and predommantly by 
its smeU. The senses of touch, vision, and hearmg were merely 
auxiliary to the compeUmg influence of smell 

Once such a creature left the solid earth and took to an arboreal 
life all this was changed, for away from the ground the guidance 
of the olfactory sense lost much of its usefulness Life amidst the 
branches of trees hmits the usefulness of olfactory organs, but it 
is favorable to the high development of vision, touch, and hearmg. 
Moreover, it demands an agihty and quickness of movement that 
necessitates an eflicient motor cortex to control and coordinate 


' Flowfi and Lydettor, “MammalB, Living and Extinct," ISW, p 618, 
s W E Oregory, op olt„ p 28fl, and pp 270, 280. 
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such actions as an arboreal mode of life demands (and secures, by 
the surviYal only of those so fitted) and also a well-fleveloped rnus- 
cular senyibihty to enable such acts to be earned out with precision 
and quickness. In the struggle for existence, therefore, all arboreal' 
mammals, such 'as the tree slu’ews, suffer a marked diminution of 
their olfactory apparatus and develop a consideiable neopallium in 
which relatively largo areas are given iqi to visual, tactile, acoustic, 
kiniesthetic, and motor functions, as well as to the puipose of jiro- 
vidmg a mechanism for mutually blending in consciousness the 
effects of the impressions pouring m through the avenues of these 
senses. 

Thus a more equable balance of the representation of the senses 
ia brought about in the large brain of tbe arboreal ammal, and its 
mode of hfo encourages and makes inchsjiensablc the acquisition of 
agihty. Moreover, theso modifications do not interfere with the 
primitive characters of hmb and body. These small arboreal crea- 
tures wmro thus free to develop their brains and maintain aU the 
plasticity of a gonerahzed structure, which eventually enabled them 
to go far m the process of adaptation to almost any cncumstances 
that presented themselves. 

Amongst the members of this gioiip, as in all the other mam- 
malian phyla, the potency of the forces of natuial selection was 
immensely enhanced by the fact that the inquisitiveness of an ani- 
mal which can learn by experience — ^i. e , is endowed with intelli- 
gence — ^was leading theso plastic insectivores mto all kmds of situa- 
tions which were favorable for the opeiation of selection. Various 
members of the group became speciahzed in thfferent ways. Of 
such specialized strains the one ‘of cluof interest to us is that in 
Wluch the sense of vision became especially sharpened. 

THE ORIGIN OF PRIMATES 


Toward the close of t.he Oretaceous period some small arboreal 
bhrew-hke creature took another step in advance, which was fraught 
with the most far-ieaching consequences, for it maiked the birth of 
the piimates and the definite branchmg off from the other Tnammals 
of tho lino of naan's ancestry 

A noteworthy further i eduction in the size of the olfactory parts of 
the brain, such as is seen in that of Tarsiiis,i quite emancipated the 
creature from, the dominating influence of olfactory impressions, the 
sway of which was already shaken, but not quite overcome when its 
tupaioid ancestor took to an arboreal life. This change was assq- 
ciated with an enoimious development of the visual cortex in the neo- 
pnllium, winch not only increased in extent so as far to exceed fhat 


1 "0 ’ til® 'rorpnowo 
BccfirCina KxtioCi, * 


uf C'H Smin m i s VnDWTir'iip, )i Si al Uofe'" if ‘a 1 >■ o' ii.r I "’.iiirs, 

Jrsa-v LLir S'Jc I uuil , te'-jUvl = pj- Zrclojiy, vJ a, purt U', I'cbtiwTj, r-v-, 



EVOLUTIOK OS’ MAK — SMITH 


563 


of Tupaia, bui also became more bigbly speciabzed in structure 
Thus, m the primitive primate, vision entmely usurped the controllmg 
place once occupied by smell; but the significance of this change is 
not to be measured merely as the substitution of one sense for another. 
The visual area of cortex, unhlm the olfactory, is part of the neo- 
pallium, and when its impoitanco thus became enhanced the whole 
of the neopallium felt the influence of the changed conditions The 
sense of touch also shared in the effects, for tactile impressions and 
the related kmassthetic scnsibihtv, the impoitance of which to an 
agile tiee-hvmg anmial is obwous, assist vision in the conscious ap- 
preciation of the nature and the various properties of the things seen, 
and in leainmg to perform agile actions which are guided by vision. 

An arboreal life also added to the importance of the sense of hear- 
ing, and the cortical representation of this sense exhibits a note- 
worthy increase iii the primates, the significance of which it would 
be difficult to exaggerate in the later stages, when the simian are 
giving place to the distinctively human characteiistics 

The high speciabzation of tbe sense of sight awakened in I he 
creature the curiosity to examine the objects around it with clo'icr 
minuteness, and supplied guidance to the hands in executing more 
precise and more skilled movements than the tree shi'cw atteui])!'. 
Such habits not only tended to develop the motor cortex iisclf, 
tramed the tactile and kineesthetio senses, and linked up then cortical 
areas m bonds of more intimate associations with the visual coru'x, 
but they stimulated the process of specialization within or alonir'iicle 
the motor cortex of a mechamsm for regulating the action of ihat. 
cortex itself — an organ of attention which coordinated the actinl '('s 
of the whole neop album so as the more efficiently to regulate' the 
various centers controlhng the muscles of the whole body In llijt, 
way not only is the guidance of all the senses secured, but the way is 
opened for all the muscles of the body to act harmoniously so as lo 
permit the concentration of their action for the performance al one 
moment of some doheato and finely adjusted movement. 

In some such way as this theie was evolved from the tnotoi an'a 
itself, in the form of an outgrowth placed at first immechately in froiit 
of it, a formation, which attams much larger dimensions and a nmie 
pronounced specialization of structure in the primates than m 
other order, it is the germ of that great prefrontal area of the human 
.brain which is said to be “concerned with attention and the goueial 
orderly coordination of psychic processes,”^ and as such is, in far 
greater measure than any other part of the brain, deservmg of being 
regarded as the seat of the higher mental faculties and the crowning 
glo:ip^ and distinction of the human fabric 


3 Bolton “The Funotlons of the Frontal Lobes,” Brain, 1003 
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[By means of lantern slides representing Dr. Scliarff’s con-vincing 
elucidation of the modifications of the land connections during 
Tertiary times, a demonstration was given of the wanderings of the 
primates, which the facts of paleontology and comparative anatomy 
demand; the object being to dmect attention to the fact that at each 
stage in the migi’ations of man’s ancestors, menotyphlous, prosimian, 
platyrrhine, catarrhine, and anthropoid, the improgrcssive members 
remamed somewhere in the neighborhood of the home of them imme- 
diate ancestors, and that those which wandered into new surroundings 
had to straggle for them footing, and as the result of this striving 
attained a higher rank. 

Other shdes were shoivn to demonstrate the fact that in this series 
of primates theie was a steady development of the hr am — expansion 
and diSerentiation of the visual, tactile, and auditoiy centers, and 
development of the meetmg territory between thorn; ’a marked 
growth and specialization of the motor centers, and the power of 
slnlled movements, especially of the hands and fingers; and a regular 
expansion of the prefrontal area — along the Imes marked out once 
for aU when the fost primate was formed from some menotyphlous 
progenitor ] 

Thus the outstanding feature m the gradual evolution of the pri- 
mate, bram 13 a steady growth and dift’erentiation of precisely those 
cortical areas which took on an enhanced importance m the earliest 
primates 

So far ni this address I have been delving into the extremely re- 
mote, rather than the nearer, ancestry of man, because I beheve the 
germs of his intellectual preemmence were sown at the very dawn of 
the Tertiary period, when the first anaptomorphid began to rely upon 
visipn rather than smell as its guidmg sense In all the succeedmg 
ages since that remote time the fuller cultivation of the means of 
profiting by experience, which the tarsioid had adopted, led to the 
steady upward progression of the primates From time to time 
many individuals, finding themselves amidst surroundings which 
were thoroughly congenial and called for no effort, lagged behind; 
and in Tarsius and the lemurs, the New World monkeys, the Old 
World monkeys, and the anthropoids, not to mention the extinct 
forma, we find preserved a series of these laggai'ds which have turned 
aside from the highway which led to man’s estate 

The primates at first were a small and humble folk, who led a quiet, 
unobtrusive, and safe life in the branches of trees, taking small part 
in the fierce competition for size and supremacy that was being waged 
upon the earth beneath them by their carnivorous, ungulate, and 
other brethren. But aU the time they were cultivating that equable 
deyelopment of all their senses and limbs, and that special develop- 
ment of the more inteUeotually useful faculties of the mind which, in 
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the long run, -were to make them the progenitors of the dominant 
mammal — the mammal which was to obtam the supremacy o'ver all 
others, while still retaining much of the primitive structure of linll^ 
that bis competitors had sacrificed. It is important, then, to keep 
in mind that the retention of primitive characters is often to be looked 
upon as a token that their possessor has not been compelled to tuth 
aside from the straight path and adopt protective specializations, 
but has been able to piesoiwe some of his primitivoness and the 
plasticity associated with it, precisely because he has not succumbed 
or fallen away in the struggle for supremacy. It is the wider triuipph 
of the individual who specializes late, after henefi.tiag by the many'' 
sided experience of early life, over him who m youth becomes tied 
to one narrow calling 

In many respects man retams moie of the primitive char.ielei'MiCs, 
for example, m his hands, than his neaiest sunian ielati\ c*' kihI in 'J ii; 
supreme race of manidnd many traits, such as abundance' of luiir, 
persist to suggest pithecoid afimities, which have been lost l-iy Ihe 
moie specialized negro and other races Those anthropologists whe 
use the letention of primitive features in the Nordic European as au 
argument to exalt the negro to eqnahty with him are neglecimg the 
clear teachmg of comparative anatomy, that the peisistencc ol 
primitive traits is often a sign of strength rather than of weakness. 
This factor luns through the history of the whole nrumal longdolrt.^ 
Man is the ultimate product of that hne of ancestry which was nevei 
compelled to turn aside and adopt protective speciahzation either ol 
stiucture oi mode of life, which would be fatal to ils plasticity and 
power of further development. 

Havmg now examined the nature of the factors that have made's 
primate from an insectivore and have tiansformed a tarsiqid pro- 
simian mto an ape, let us turn next to consider how man himself wt« 
fashioned 

THE ORIGIN OF MAN 

It is the last stage in the evolution of man that has always exedtetc 
chief interest and has been the subject of much speculation, as th< 
addresses of my predecessors m this presidency bear ample witness 

These discussions usually resolve themselves mto the consideratior 
of such questions as whether it was the growth of the biam, the acqui- 
sition of the power of speech, or the assumption of the erect attitude 
that came first and made tJic a])e into a human bou'g The rase foi 
the erect attitude was ablv put bcfoio ihe n-.-ociation in ifio addl'os' 
delivered to this section hi Hi liluuro m ls9'l. lie aigocd (hat lh< 
liberation of the hands and ilio culihation of then .-kill lay af thi 
root of man’s mental supicmacy 
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If the elect attitude is to explain all, why did not the gibbon 
become a man m Miocene times ? The whole of my aigument has 
aimed at demonstrating that the steady growth and speciahzation 
of tho brain has boon the fundamontal factor m leading man’s ances- 
toi3 step by step right upward fiom the lowly insoctivoio status, nay, 
further, through every earher phase in the evolution of mammals — for 
man’s brain represents tho consummation of precisely those factors 
which thioughout the vertebrata have brought then possessois to 
tho crest of the wave of progress. But such advances as the assump- 
tion of the erect attitude are brought about smiply because the bi am 
has made skilled movements of the hands possible and of definite use 
in the struggle for existence, yet once such a stage has been attained 
the very act of hbeiatmg the hands for the performance of more 
doheate movements opens the way foi a furthei advance in brain 
development to make the most of the more favoiable conditions and 
the greater potentialities of the hands 

It 18 a fact beyond dispute that the divergent speciahzation of the 
human limbs, one pair for progression, and the other for prehension 
and the more dehcately adjusted slcilled action, has played a laige 
part in preparmg the Avay for the emergence of the distmotly human 
characteristics but it would be a fatal mistake unduly to magiufy the 
influence of these developments The most pinnitivo hving primate, 
the spectral tarsier, frequently assumes the erect attitude, and uses 
its hands for prehension lather than progression in many of its acta, 
and many other lemurs, such as the Indiismee of Madagascar, can and 
do walk erect. 

In tho remote Oligocene, a catarrluno ape, nearly akm to the 
ancestors of the Indian sacred monkey, Semnopithecus, became 
definitely speciahzed m stimcture m adaptation for the assumption 
of the erect attitude; and this type of eaily anthropoid has persisted 
Vith relatively slight modifications m the gibbon of the present day 
But if the oarhest gibbons were already able to walk upiight, how is 
it, one might ask, that they did not begin to use their hands, thus 
fieed from the work of progiession on the earth, for skilled work, and 
at once before men? The obvious reason is that the biam had not 
yet attained a sufficiently high stage of development to provide a 
sufficient amount of useful skilled work, apart from the tree climbing^ 
for these competent hands to do 

The ape is tied down absolutely to his experience, and has only a 
very limited ability to anticipate the lesults even of relatively simple 
actions, because so large a proportion of lus neopallium is under the 
dominating influence of the senses. 

Without a fuller appreciation of the consequences of its actions 
than the gibbon is capable of, the animal is not competent to make 
the fullest use of the skill it undoubtedly possesses What is implied 



BVOLCJTIOISr OF MAN — SMITH. 


567 


in acquinng tins fuller appreciation of the meaning of events taking 
place around the animal ? The state of consciousness awakened by a 
simple sensory stimulation is not merely an appreciation of the 
physical propeities of the object that aupphes the stimulus; the 
object simply serves to bring to consciousness the lesults of experience 
of similar or contrasted stimulations m the past, as weU as the feehngs 
aroused by or aasocinted with them, and the acts such feehngs excited. 
Tins mental enrichment of a mere sensation so that it acquires a very 
precise and complex meaning is possible only because the individual 
has this extensive experience to fall liack upon, and the faculty of 
acquiimg such experience applies the possession of large neopalhal 
areas foi recording, so to speak, these sensation factor's and tho 
feehngs associated with them. The "meaning” which each creature 
can attach to a sensoiy impression presumably depends, not on its 
experience only, but more especially upon the neopaUial piovision in 
its brain for rccoidmg the fruits of such experience 

Judged by this standard, the human braui bears ample witness, in 
the expansion of the great tempoio-paiietal area, which so obviously 
has been evolved from the legions mto which visual, auditory, and 
tactile impulses are poured, to the perfection of the physical counter- 
part of the enrichment of mental structure, which is the fundamental 
characteristic of the human mind 

The second factor that came mto operation m the evolution of the 
human bram is merely the culmination of a piocess which has been 
steadily advancing throughout the primates I refer to the high 
state of perfection of the cortical legulatiou of slolled movements, 
many of which are acquired by each individual in response to a com- 
pelling mstmet that forces every normal human being to work out 
lus own salvation by perpetually stiivmg to acquire such manual 
dexterity 

This brings us to the consideration of the nature of tho factors that 
hayo led to the wide differentiation of man from the gorilla Why is 
it that these two primates, structurally so similar and derived simul- 
taneously from common parents, should have become separated by 
such an enormous chasm, so far as them mental abihties are concerned ? 

There can be no doubt that this process of differentiation is of the 
same nature as those which led one branch of the Eocene tarsioids 
to become monkeys wlnle the other remained prosimiffl; advanced 
one group of primitive monkeys to the catarrhme status, while the 
rest remained platynhme, and converted one division of the Old 
World apes into anthropoids, while the othere retained their old 
status. Put into this foim as an obvious truism, the conclusiQU is 
, suggested that the changes which have taken place in the brain 'to 
convert an ape into man are of the same nature as, and may be 
looked upon merely as a oontmuation of, those processes of evolution 
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wtiicli we have been examining :n the lowlier membera of the pnmate 
series It was not the adoption of the eiect attitude or the invention 
of articulate language that made man from an ape, but the gradual 
perfecting of the brain and the slow upbuildmg of the mental struc- 
ture, of which ercctnoss of cairfage and speech are some of the inci- 
dental mamfestations 

f The ability to perform skdled movements is conducive to a maiked 
emichment of the mind’s structuio and the high development of the 
neopalhum, which is the niateiial expression of that enrichment 
There are several reasons why this should be so The nioi’e process 
of learning to execute any act of skill necessarily involves the culti- 
vation, not only of the muscles which pioduce the movement, and 
the cortical area which excites the actions of these muscles, but in 
even greater measure the sensory mechanisms in the neopalhum 
which are receiving mipressions fiom the sltni, the muscles, and the 
eyes, to control the movements at the moment, and incidentally are 
educating these cortical areas, stimulating them giowth, and enrich- 
ing the mental stnicture with new elements of expenence. Out of 
the experience gained in constantly porforming acts of skill the 
knowledge of cause and effect is eventually acquired Thus the high 
specialization of the motor area, which made compheatod actions 
possible, and the gi’eat expansion of the temjioro-poiietal area, which 
enabled the ape-man to realize the ‘'meaning” of events occurring 
around it, reacted one upon the other, so that the creature came to 
understand that a particular act would entail certaui consequences. 
In other words, it gradually acqumed the faculty of shaping its con- 
duct in anticipation of results 

Long ages ago, possibly in the Miocene, the ancestors common to 
man, the gorilla, and the chimpanzee became separated into groups, 
and the different conditions to which they became exposed after they 
parted company were in the mam responsible for the contiasts in 
their fate In one gyoiip the distmctively primate process of growth 
and specialization ol the biain, which had been going on in their 
anoestoiB for many thousands, even milhons, of years, reached a 
stage when the more venturesome members of the group, stimulated 
perhaps by some local failure of the customary food, or maybe led 
forth by a curiosity bred of their groiving realization of the possibili- 
ties of the unknown world beyond the trees which hitherto had* been 
their home, wei'e impelled to issue forth from theii* forests, and seek 
now eouices of food and new Surrounchngs on hill and plam, wheiever 
they could obtain the sustenance they needed The other groiip, 
perhaps because thev happened to be more favoiably MtnuLcd or 
attuned to their surroundings, living in a land of plenty whnh encour- 
aged incloloneo in habit and stagnation of effort and growth, wei’e 
free from this glorious unrest, and remained apes, continuing to le^ 
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very mucli tlae same kmd of life (as gorillas and chimpanzees) as 
their ancestors had been living since the Miocene or oven eai'her 
times. That both of these unenteipiising relatives of man happen 
to live in the forests of tropical Afiica has always seemed to me to 
be a strong argument m favor of Dainvin’s view that Africa was the 
ongmal home of the first creatures defimtely committed to the 
human career; for while man was evolved amidst the strife with 
advome conditions, the aiicestois of the goiilla and chimpanzee gave 
up the stiuggle for mental supremacy simply because they were 
satisfied with their cnoiimstances, and it is nioie likely than not that 
they did not change then habitat 

The erect attitude, mfinitely more ancient than man himself, is 
not the real cause of man’s emergence from the simian stage, but it 
is one of the factora made use of by the expanding biam as a prop 
still further to extend its gi'owing domimoii, and by fixing and estab- 
lishing m a more decided way this erectness it liberated the hand to 
become the chief mstrument of man’s further progress 

In learning to execute movements of a degiee of delicacy and 
precision to which no ape could ever attain, and the primitive ape- 
man could only attempt once his arm was completely emancipated 
from the necessity of being an instrument of progression, that cor- 
tical area which seemed to serve for the phenomena of attention 
became enhanced in importance Hence the prefrontal region, where 
the activities of the cortex as a whole are, as it were, focused and 
regulated, began to giow until eventually it became the most dis- 
tinctive characteristic of the human brain, gradually fiJlmg out the 
front of tho cranium and producing the distinctively human forehead. 
In the diminutive prefrontal area of Pithecanthi’opus,^ and to a less 
marked degree, Neanderthal man,“ we see illustrations of lower 
human types, beai'ing the impress of their lowly state in receding 
foreheads and great brow ridges However large the brain may be 
in Homo pnmigemus, his small piefrontal region, if we accept Botile 
and Anthony’s statements, is sufficient evidence of his lowly state of 
intelligence and reason for his failure in the competition with the 
rest of mankmd 

The growth in mtelligence and in tho powem of diserimmation no 
doubt led to a definite cultivation of the jesthetic sense, which, 
operatmg through sexual selection, brought about a gradual refine- 
ment of the features, added gi’sce to the general build of the body, 
and demolished the gi-eater part of its hairy coveimg It also led to - 
an intensification of the sexual distinctions, especially by developing 

I Bug Dubois, "Remarks upon the Brain cast ol Pithecanthropus,” Proc Fourth intemot. Cong. 
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in the femalo localized deposits of fatty tissue, not found in the 
apes, winch produced profound alterations in the general form of the 
body. 

BIGHT-HANDEDNESS 

To one who considers what precisely it means to fix the attention 
and attempt the performance of some delicately adjusted and precise 
action it must be endeut that one hand only can be usefully employed 
in exeeutuig the consciously^ slalled part in any given movement. 
The other hand, like the rest of the muscles of the whole body, can 
be only auxiUaiy to it, assisting, under the nifluence of attention, 
either passively or actively, in steadying the body or helping the 
dominant hand Moreover, it is cleai’ that if one hand is constantly 
employed for doing the more skilled ipork, it will leaiii to perform it 
moi'e precisely and more successfully than eithel would if both were 
trained, in spito of what ambidextral enthusiasts may say Hence 
it happened that when nature was fashioinng man the foices of 
natural soloction made one hand more apt to perform skilled move- 
ments than the other Why precisely it was the nght hand that 
was chosen in the majoiity of manland we do not know, though 
scores of anatomists and others aie ready with explanations But 
probably some slight mechanical advantage m. the circumstances of 
the limh, or peihaps even some factor aifectuig the motor area of 
the left side of the brain that controls its movements, may have 
inclined the balance in favor of the nght arm; and the forces of 
heiedity have contmued to perpetuate a tendency long ago impiinted 
in man’s structure when fii'st he became human 

The fact that a certain proportion of manland is left-handed, and 
that such a tendency is transmitted to some only of the descendants 
of a left-handed person, might perhaps suggest that one half of 
mankind was originally left-handed and the other right-handed, 
and that the former condition was recessive in the Mondehan sense, 
or that some infinitesimal advantage may have accrued to the 
right-handed pai’t of the original community, which in time of stress 
spared them in preference to left-lianded individuals; but the whole 
problem of why iight-handedness should be much more common 
than left-haiidedncss is still cjmte obscure. The supenonty of one 
hand is as old as mankmd, and is one of the factors incidental to 
the evolution of man. 

It is easily comprehensible why one hand should become more 
expert than the other, as I have attempted to show, and the fact 
remains that it is the right hand, controlled by the left cerebral 
hemisphere, which is specially favored m this respect. This height- 
ened educability of the Geft) motor center (for the right hand) has 
an important influence upon the adjoining ai’eas of the left motor 
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cortex. When the ape-man attained a sufficient degi-ee of intel- 
ligence to wish to communicate with Ins fellows other than by mere 
mstinctive emotional cries and giimaces, such as all social groups 
of animals employ, the more cunmng right hand would natui’ally 
play an important part in such gestures and signs, and, although 
the muscles on both sides of the face would bo called into action in _ 
such movements of the features as were intended to convey informa- 
tion to another (and not merely to express the personal feelings of 
the individual), such bilateral movements would certainly be con- 
trolled by the left side of the brain, because it was already more 
highly educated 

THE ORIGIN OF SPEECH 

[This ai'gument was elaborated to explaui the origin of speech. 
The mcreasmg ability to perform actions demanding slall and deh- 
cacy received a great impetus when the hands were liberated for the 
exclusive cultivation of such skdl, tins perfection of cerebral con- 
trol over muscular actions made it possible for the ape-man to leaiui 
to imitate the sounds aromid him, for the act of learnnig is a traimng 
not only of the motor centers and the muscles concerned, but also 
of the attention, and the benefits that accrued from educating the 
hands added to the power of controllmg other muscles, such as those 
concerned with articulate speech. 

The usefulness of such power of imitating soimds could be fully 
realized in pmmtive man, not only because he had developed the 
parts of the brain which made the acquisition of such skill possible, 
but also because he had acquired, m virtue of the development of 
other cortical areas, the ability to realize the significance and learn 
the meanmg of the sounds heard ] 

I do not propose to discuss the tremendous impetus that the 
Invention of speech must have given to human progress and intellec- 
tual development, m enablmg the knowledge acquired by each 
individual to become the property of the commmiity and be handed 
on to future generations, as well as by supplymg in words the very 
symbols and the indispensable elements of the higher mental process. 

We are apt to forget the immensity of the heritage that has 
come down to us from former generations of man, until we begin' 
dimly to realize that for the vast majority of mankind almost the 
sum total of then mental activities consists of imitation or acqubfing 
and usmg the common stock of behefs For this accumulation of 
knowledge and its transmission to our generation we are ahnost 
wholly indebted to the use of speech. In our forgetfulness of these 
facts we mai-vel at the apparent dullness of early man in being 
content to use the most roughly chipped flmts for many thousands 
, of years before he learned to polish them, and eventually to .employ 
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materials better suited for tlie luanufacture of implements and 
weapons But when we consider liow slowly and laboriously piimi- 
tivo man acquired new ideas, and how such ideas — even those which 
seem childishly simple and obvious to us — were treasui'ed as priceless 
possessions and liandcd on from tiibe to tribe, it becomes increasingly 
difficult to b"Ueve in the possibility of the independent evolution of 
similar customs and inventions of any degi'ee of complexity 

The hypothesis of the "fundamental similai’ity of the worlang of 
the human imud” is no more potent to explain the identity of cus- 
toms in widely chfi'erent parts of the world, the distribution of mega- 
litMc monuments, or the first appearance of metals in America, 
than it is to destroy our behef that one man, and one only, origmally 
conceived the idea of the mechanical use to which steam could be 
applied, or that the electric battery was not independently evolved 
in each of the cotmtnes where it la now in use 

In these discursive remorlcs I have attempted to deal with old 
problems in the light of newly acquu'ed evidence, to emphasize the , 
undoubted fact that the evolution of the primates and the emergence 
of the distinctively human tyqie of mtelhgence are to be explained 
pidmardy by a steady growth and specialization of certain parts of 
the brain; that such a development could have occurred only in the 
mammalia, because they are the only plastic class of ammals with a 
true organ of mtelhgence; that an arboreal mode of life started 
man’s ancestois on the way to preemmence, for it gave them the 
agility; and the specialization of the higher parts of the brain inci- 
dental to such a life gave them the seeing eye; and in comse of time 
also the understanding ear; and that all the rest followed in the 
train of this high development of vision working on a brain which 
controlled evcr-increasingly agile limbs 

If, in pursuing these objects, I may have seemed to wander far 
from the beaten paths of anthropology, as it is usually understood 
in this section, and perhaps encroached upon the domams of the 
zoologial section, my aim has been to demonstrate that the solution 
of these problems of human origms, which have frequently engaged 
the attention of the anthi’opological section, is not to be sought 
merely in comparisons of man and the anthropoid apes Man has 
emerged not by the sudden intrusion of some new element into the 
ape’s physical structui-e or the fabric of his mind, but by the culminar 
tion of those processes which have been operating m the same way 
in a long hne of ancestors ever since the beginning of the Tertiary 
period. 

If I have made this general conception clear to von. however 
clumsily I have marshaled the evidence and with vluu.evor crudities 
of psychological statement it may he marred, I shall feel that this 
iidtlrc'i- lias scin ed some useful pmpose 
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Perhaps no single feature so maikedly sets off man from the rest 
of the ammal world as the gift of speech, which he alone possesses 
No community of uoimal human hemgs, be then advance m culture 
ever so slight, has yet been found, or is ever likely to be found, who 
do not communicate among themselves by means of a complex sys- 
tem of sound symbols, m other words, who do not make use of a defi- 
nitely oiganized spoken language It is nideed one of the paradoxes 
of linguistic science that some of the most complexly organized lan- 
guages are spoken by so-called primitive peoples, while, on the other 
hand, not a few languages of relatively simple structure are found 
among peoples of considerable advance m culture Relatively to the 
modem mhabitauts of England, to cite but one instance out of an 
indefinitely large number, the Eskimos must be considered as rather 
limited m cultural development Yet thei e is just as little doubt that 
in complexity of form the Eskimo language goes far beyond English 
I wish merely to indicate that, however much we may indulge in 
speaking of primitive man, of a primitive language m the true sense 
of the word we find nowhere a trace It is true that many of the 
lowei animals, for example, bu-ds, communicate by menus ol various 
cries, yet no one will seriously mamtam that such cries are compar 
rable to the conventional woids of present-day human speech, at best 
they may be compared to some of our mterj actions, winch, however, 
falling outside the legular morphologic and syntactic frame of speech, 
are least typical of the language of human beings We can thus 
safely make the absolute statement that language is typical of all 
human communities of to-day and of such previous tunes as we have 
historical knowledge of, and that language, aside from reflex crie9, is 
just as untypical of all nonhuman forms of animal life. Like all other 
forms of humpn activity, language must have its history. 

Much has been thought and written about the history of language. 
Under this term may be included two more or less distinct lines of 
inquiry. One may either trace the changes undergone by a paytic- 


* I/Mturfi delivered at tlie University ol Bennayl vania Museum, Apt 1, 1BH (Reprinted by permission 
Irom rbo Popular Science Montbly, July, 1911.) 
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ular language or gioiip of languages for as long a period as the evi- 
dence at hand allows, or one may attempt to pass beyond the limits 
of historically recorded oi reconsti’ucted speech, to reconstruct the 
ultimate ongni of speech in general, and to connect these remote ori- 
gms by means of reconstiucted lines of development with historically 
attested forms of speech Superficially the latter sort of mc|uii’y is 
similar in spirit to the labors of the evolutionaiy biologist, for m both 
apparently hotel ogeneous masses of inateiial are, by direct clii’ono- 
logic testnnony, hileience, analogy, and speculation reduced to an 
ordeily histoiical sequence As a mattei of fact, however, the recoii- 
sti notion of linguistic origins and earliest lines of development is 
totally dififtrent in kmd from biological reconstruction, as we shall 
see presently 

Talong up the history of language m the sense in which it was first 
defined, we find that there are two methods by which we can follow 
the gradual changes that a language has undergone The first and 
most obvious method is to study the literary remains of the various 
periods of the language of which wc have lecord It will then be 
found that not only the vocabulary, but lust as well the phonetics, 
word morphology, and syntactic structure of the language tend to 
change from one period to another These changes are always veiy 
gradual and, ivithm a given period of relatively shoit duration, slight 
or even imperceptible in amount Nevertheless, the cumulative effect 
of these slight linguistic changes is, with the lapse of time, so great 
that the foim of speech current at a given time, when dmectly com- 
pared with the form of speech of the same language euiTent at a con- 
siderably earlier time, is found to cliffei from the latter much as it 
might from a foreign language. It is true that the i ate of change has 
been found to be more lapid at some periods of a language than at 
otliei’s, but it nevertheless always remains true that the changes them- 
selves arc not violent and sudden, but gradual m character. The 
documentaiy study of language liistoiy is of course the most valuable 
and on the whole the most satisfactory It should not ho denied, 
however, that there arc dangers in its use Literary monuments do 
not always accurately reflect the language of the period, moreoyer, 
orthographic conservatism hides the jihonetic changes that are con- 
stantly taking place Thus there is no doubt that the amount of 
change that English has undergone from the time of *=5^- -i ^ - t.» 
the present is far greater than a comparison of ] ■ > , ;i 

Elizabethan orthogi’aphy would lead tlie layman to s u , - m 

so that I am quite convinced the gi’eat dramatist wo M ii.-’n ■ ■ ■ o 

dificulty in makmg himself understood in Stratfoid-on-Avon to-day. 
For some languages a considerable amount of documentary historical 
material is available Thus^ tbe literary monuments that enable us 
to study the history of the English language succeed each other in a 
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practically iminterriipted series from the eighth century A. D. to the 
present time, while the course of development of Greek m its various 
dialects can be more oi less accurately followed from the ninth cen- 
tury B. C , a conservative date for the Homeric poems, to the present 
time 

For some, in fact for most languages, however, literary monuments 
aie either not forthcommg at all or else are restricted to a single 
period of short duration At first sight it would seem that the sci- 
entific study of such languages would have to be limiteil to purely 
descriptive rather than liistoiical data To a considerable extent 
this IS necessai dy true, yet an intensive study will always yield at least 
some, oftentmies a great deal of, mformation of a biatoiical character. 
This historical reconstruction on the basis of purely descriptive data 
may proceed m two ways It is obvious that the various phonetic 
and grammatical features of a language at any given tune are of 
unequal antiquity, for they are the resultants of changes that have 
taken place at very different periods, hence it is reasonable to 
suppose that mternal evidence would, at least withm modest limits, 
enable one to reconstruct the relative chronology of the language. 
Naturally one must proceed very cautiously m reconstructing by 
means of mternal evidence, but it is oftentimes suxprismg how much 
the careful and methodically schooled student can accomplish m this 
way. Generally speaking, Imguistic features that are irregular in 
chaiacter may be considered as relatively archaic, for they are in the 
nature of survivals of features at one tune more widely spread Not 
mfiequently an inference based on mternal evidence can be corrobo- 
rated by direct historical testimony One example will suffice hei'o. 
We have in English a mere sprmklmg of noun plurals in -en, such as 
hrethren and oxen One may surmise that nouns such as these are but 
the last survivals of a t}qie formerly existing in greater abundance, 
and indeed a study of Old English or Anglo-Saxon demonstrates that 
noun plurals in ~en were origmally found m great number but were later 
almost entuely repleced by plurals m -s. There is, however, a far 
more powerful method of reconstructing Imguistic history from 
descriptive data than internal evidence. This is the comparison of 
genetically related languages. 

In makmg a survey of the spoken languages of the woild, we soon 
find that though they differ from each other, they do so in quite vary- 
ing degrees In some cases the differences are not great enough to 
prevent the speakers of the two languages from understanding each 
other with a fair degree of ease, under which circumstances we are apt 
to speak of the two forms of speech as dialects of a single language j m 
cipher cases the two languages are not mutually intelligible, bnt, as ^ 
the case of English and German, piesent so many similarities of 
detail that a belief in their common origin seems warranted and 
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indeed necessary; in still other cases the two languages are at first 
glance not iit all similar, but leveal on a closer study so many funda- 
mental traits in common that there seems just ground for suspecting 
a common origin If other languages can bo found which serve to 
lessen the chasm between the two, and particularly if it is possible to 
compaie them in the form in which they existed in earlier periods, 
tins suspicion of a common oiigin may be raised to a practical cer- 
tainty Thus, direct comparison of Russian and German would 
ceitamly yield enough lexical and grammatical simihantes to justify 
one in suspecting them to have diverged from a common source; the 
proof of such genetic relationship, however, can not be considered 
quite satisfactory until the oldest forms of German speech and Ger- 
manic speech generally have been compared with the oldest forma of 
Slavic speech and until both of these have been further compared with 
other forms of speech, such as Latin and Greek, that theie is reason 
to believe they are genetically related to When such extensive, not 
infrequently difficult, comparisons have been effected, complete evi- 
dence may often be obtained of what m the fij'st instance would have 
been merely suspected If all the forms of speech that can be shown 
to be genetically related are taken together and carefully compared 
among themselves, it is obvious that much infoimation will bo 
inferred as to their earlier undocumented history, m favorable cases 
much of the hyjiothetical form of speech from wluch the available 
forms have diverged may be reconstructed with a considerable degree 
of certainty or plausibility If under the term history of English ” 
wo include not only documented but such reconstructed hrstory as has 
been referred to, we can say that at least m mam outlme it is possible 
to trace the development of our language back from the present day 
to a period antedating at any rate 1500 B. C. It is important to note 
that, though the English of to-day bears only a faint resemblance to 
the hypothetical reconstructed Indogeimanic speech of say 1500 B, C. 
or earlier, there could never have been a moment from that time to 
the present when the continuity of the language was broken. From 
our present standpoint that bygone speech of 1500 B. C. was as much 
English as it was Gieok or Sansltrit. The history of the modem Eng- 
lish words /ooi and its plural /eet will illustrate both the vast differ- 
ence between the two forms of speech at either end of the series and 
the gradual character of the changes that have taken place withm 
the series Without here gomg mto the actual evidence on which 
the reconstructions are based, I shall merely list the various forms 
which each word has had hi the course of its history. Starting, then, 
mth. foot-feet, and gi'adually going back in time, we htLVB f-at—fU, 
fot—fei, fot~fete,fdt — fSte, fot—f6ti, fdt~fdti, fot—fotir, fdt — fotiz, 
fot~foiis, fdt— fates, fod— foies, and finally 'pod — podes, beyond 
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which, our evidence does not allow us to go; the last forms find them 
reflex m Sanskrit fcLd — pMas. 

All languages that can be shown to be genetically related — that is, 
to have sprung from a common source — form a historic umt to which 
the term linguistic stock or linguistic family is applied. If, now, we 
were in a position to prove that all known forms of speech could he 
classified into a smgle linguistic stock, the apparent parallel above re- 
ferred to between linguistic and biological reconstruction would be a ' 
genuhie one. As it is, we must content ourselves ivith operating with 
distinct and, as far as we can tell, genetically unrelated linguistic 
stoclcs The documentary evidence and the reconstinctive evidence 
gained by comparison enable us to reduce the bewildermg mass of 
known languages to a far smaller number of such larger stock groups, 
yet the absolute number of these latter groups still remains disquiet- 
ingly large. The distribution of Imguistic stocks presents gieat irreg- 
ularities. In Europe there are only three such represented . the Indo- 
germaniG or Aryan, which embraces nearly all the better known lan- 
guages of the continent, the Ural-Altaic, the best knoivn representa- 
tives of which are Finnish, Hungai'ian, and Turkish , and the Basque of 
southwestern France and northern Spain On the other hand, that 
part of aborigmal North America which lies north of Mexico alone em- 
braces 50 or more distmct linguistic stocks so far as Icnown at pres- 
ent. Some stocks, as, for instance, the Indogermanic just referred to 
and the Algonkm of North America, are spread ovei vast areas and 
include many peoples oi tribes of varying cultures, others, such as the 
Basque and many of the aborigmal stocks of California, occupy sur- 
prismgly small territories. It is possible to adopt one of two attitudes 
toward this phenomenon of the multiplicity of the largest known ge- 
netic speech aggregates On the one hand one may assume that the 
disintegrating efiects of gradual imguistic change have in many cases 
produced such widely differmg forms of speech as to make their com- 
parison for reconstructive purposes of no avad, in other words, that 
what appear to us to-day to be independent hnguiatio stocks appear 
such not because they are in fact historically unrelated, but merely 
because the evidence of such historical connection has been so ob- 
scured by tune as to be practically lost. On the other hand, one may 
prefer to see m the existence of mutually independent Imguistic stocks 
evidence of the mdependent beginnings and development of human 
speech at different times and places in the course of the lemote history 
of mankmd, there is eveiy reason to believe that m a similar manner 
many rehgious concepts and other foims of human thought and 
activity found widely’- distributed m time and place have had multiple 
, ongins, yet more or less paiallel developments It is naturally frult- 
‘ , less to attempt to decide bewteen the monogenetic and polygenetio 
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standpoints here briefly outlined. All that a conservative student will 
care to do is to shrug his shoulders and to say, “Thus far we can go 
and no farther.’’ It should be said, however, that more intensive 
study of linguistic data is from time to time coimecting stocks that 
had hitherto been looked upon as unrelated Yet it can hardly be 
expected that serious research will ever succeed in icduciiig the 
present Babel to a pristine unity 

Although wo can not demonsiiate a genetic unity of all forips of 
human speech, it is interesting to observe that there are several funda- 
mental traits that all languages have m common Perhaps these 
fundamental similarities arc worthy of greater attention than they 
generally receive and may be thought by many to possess' a high 
degree of significance First of all, ivo fiiul that m every known lan- 
guage use IS made of exactly the same organic apparatus for the pro- 
duction of speech, that is, the glottal passage in the laiynx, the nasal 
passages, the tongue, the hard and soft palate, the teeth and the lips. 
The fact that wo are accustomed to consider all speech as self-evidently 
dependent on these organs should not blind us to the importance of 
the association Thcie is, after all, no d pnof'i reason why the com- 
munication of idca.s should be pnmardy through sound symbols pro- 
duced by the apparatus just defined, it is conceivable that a system 
of sound symbols of noises produced by the hands and feet might 
have been developed for the same purpose As a matter of fact, thei e 
are many systems of thought transference or language in the widest 
sense of the word, as a moment's thought will show, that are inde- 
pendent of the use of the ordinary speech apparatus. The use of 
writing will occur to every one as the most striking example among 
ourselves. Among primitive peoples we may instance, to cite only a 
couple of examples of such subsidiary forms of language, the gesture 
language of the Plains Indians of North America and the voiy highly 
developed drum langu age of several African tribes. From our present 
point of view it is sigmficant to note that these and other such non- 
spoken languages are either, as in the case of practically aU systems 
of wntmg, themselves more or less dependent on a phonetic system, 
that IS, speech ui the ordinary sense of the woid, or else are merely 
auxiliary systems intended to replace speech only under very special 
circumstances. The fact then remains that the pnmaiy and universal 
method of thought transference among human beings is via a special 
articulating set of organs. Much loose talk has been expended by 
certain ethnologists on the relatively important place that gesture 
Occupies m the languages of primitive peoples, and it has even been 
asserted that several so-called primitive languages are uniutefligihle 
ivithout the use of gesture. The truth, however, is doubtless that 
the use of gesture is associated not mth primitiveness, but ratheyivitit 
temperament. The Eussian Jew and the Italian, for instance, ndp- - 
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primitive as they are, make a far more liberal use of gestures accom- 
panying speech than any of the aborigines of North America 

If we examine in a large way the structure of any given language, 
we find that it is further characterized by the use of a definite pho- 
netic system, that is, the sounds made use of in its words ate reducible 
to a limited number of consonants and vowels It docs not seem to 
be true, certain contrachcting statements notwithstanding, that lan- 
guages are to be found in which this phonetic definiteness is lacking 
and in which mchvidual variation of pronunciation takes place prac- 
tically mthout Imnt It is of course freely granted that a certain 
amount of sound variation exists m every language, but it is miportant 
to note that such variation is always very limited in range and always 
takes place about a well-defined center. All known forms of speech, 

, then, opeiate with a definite apparatus of sounds; statements to the 
contrary will in most cases be found to rest cither on a faulty per- 
ception on the part of the recorder of sounds unfamihar to Ins ear or 
on his Ignorance of regular sound processes peculiar to the language. 
Naturally the actual phonetic systems found in various languages, 
however much they may resemble each other in this fundamental trait 
of definiteness, differ greatly in content, that is in the sounds actually 
employed or neglected This is inevitable, for the vast numbcvi’ of 
possible and indeed existing speech sounds makes an unconscious 
selection necessary. Even so, however, it is at least noteworthy 
'with what persistency such simple vowel sounds as a and i and such 
consonants as n and s occur in all parts of the world. 

Even more than m them phonetic systems languages are found to 
differ in their morphologies or grammatical structures. Yet also in 
this matter of giammafcical structure a survey fzoin a broad point of 
view discloses the fact that there are certain deep-lymg shmlaiities, 
very general and even vague in character, yet significant To begin 
with, we find that each language is chaiactenzed by a definite and, 
however complex, yet strictly delimited grammatical system Some 
languages exhibit a specific type of morphology with greater clear- 
ness or consistency than others, while some teem with iiTegulanlies; 
yet m every case the stiucture tends to be of a definite and con- 
sistently earned out type, the grammatical processes employed are 
quite hmited m number and nearly always clearly developed, and 
the logical categories that are selected for grammatical treatment 
are of a definite sort and number and expressed in a limited, however 
large, number of grammatical elements In regard to the actual 
content of the various morphologies we find, as already indicated, 
vast differences, yet here agam it is important to note with what 
persistence certain fundamental logical categories are reflected in 
the grammatical systems of practipally all languages. Chief ’among 
these may be considered the clear-cut distinction everywhere made 
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between denominating and predicating terms, that is, between sub- 
ject and predicate, or, loughly spealang, between substantive and 
verb This does not necessarily nnply that we have in all cases to 
deal with an actual difference in phonetic form between noun and 
verb, though as a matter of fact such differences are geneially found, 
hut sunply that the structure of the sentence is such as to show clearly 
that one member of it is felt by the speaker and hearer to have a purely 
denommating office, another a purely predicating ono It may be 
objected that m Chinese, for instance, there is no formal distmction 
made between noun and verb True, but the logical distmction of 
subject and predicate is reflected m the form of the Chmese sentence, 
inasmuch as the subject regularly precedes the predicate, thus, 
while the same word may be either noun or verb, in any particular 
sentence it necessarily ts definitely one and not the other Other 
fundamental logical catogones will, on a more complete survey, be 
found to he subject to gi’ammatical treatment m all or nearly all 
languages, but this is not the place to be anything but merely 
Suggestive Suffice it to romaik on the widespread systematizing 
of personal relations, the widespread development of ideas of tense, 
number, and syntactic case lelations, and the clear grammatical 
expression eveiywhere oi nearly evciywhere given to the largely 
emotional distinction of declarative, mteiTogative, and imperative 
modes. 

Granted that there are certain general fundamental traits of simi- 
lajity m all Icnown languages, the problem arises of how to explam 
these similarities. Are they to be explained historically, as sur- 
vivals of features deep-rooted in an earliest form of human speech 
that, despite the enormous differentiation of language that the lapse 
of ages has ivrought, have held then- own to the present day, or are 
they to be explained psychologically as due to the existence of inherent 
human mental characteristics that abide regardless of time and pace? 
If the latter standpoint be prefeiTed, we should be dealmg with a 
phenomenon of parallel development It is of course impossible to 
decide categorically between the two explanations that have been 
offered, though doubtless the majority of students would incline to 
the psychological rather than to the historical method At any 
rate, it is cleai that we can not strictly infer a monogonetic theory 
of speech from the fundamental traits of similarity that all forms of 
speech exhibit Yet even though these are of psychologic rather 
than historic mterest, it is important to have demonstrated the 
existence of a common psychological substratum, or perhaps we had 
better say framework, which is more or less clearly evident in all 
languages This very suhsti-atum or framework gives the scientific 
study of language a cohei’ence and unity quite regardless of any con-> 
siderafcions of genetic relationship of languages. 
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In spite of tlie fact that, as we hare seen, no tangible evidence can 
be brought to bear on the ultimate origin or origms of speech, many at- 
tempts have been made, particularly in the first half of the nineteenth 
century, when it was more common for historical and philosophical 
problems of extreme difficulty to be attacked "with alacrity, to point 
out the way in which human speech origmated or at least might have 
onginated From the very nature of the case these attempts could 
not but be deductive in method, hence, however plausible or in- 
genious m themselves, they have at best a merely speculative, not 
a genuinely scientific interest We may therefore dispense with 
anythmg hko a detailed inquhy mto or criticism of these theories 
Two of the most popular of them may be respectively termed the 
onomatopoetic or sound-imitative and the exclamatory theoiies. 
Accordmg to the former, the fii’st words of speech were onomato- 
poetic m character, that is, attempts to imitate by the medium of 
the human organs of speech the vaiious cries and noises of the 
animate and mammate woild Thus the idea of a "hawk” would 
come to be expressed by an imitative vocable based on the actual 
screech of that bird, the idea of a "rock” might be expressed by 
a combination of sounds intended in a crude way to reproduce the 
noise of a rock tumbling down hill or of a rock striking against the 
butt of a tree, and so on mdefimtely In course of time, as these imi- 
tative words by repeated use became moie definitely fixed m phonetic 
form, they would tend to take on more and more the chaiacter of con- 
ventional sound symbols, that is, of words, properly speaking The 
gradual phonetic modifications brought on in the further course of 
time would finally cause them to lose them oiiginal onomatopoetic 
foi’m It may be freely granted that many words, particularly cer- 
tain nouns and verbs having refeience to auditory phenomena, may 
have onginated in this way; indeed, many languages, among them 
English, have at vaiious times, up to and including the present, 
made use of such onomatopoetic words It is difficult, however, to 
See how the great mass of a vocabulary, let alone a complex system 
of morphology and syntax, could have ansen from an onomato- 
poetic soui’oe alone The very fact that onomatopoetic words of 
i-elatively i-ecent origin arc found here and there in shai-p contrast 
to ' the overwhelmingly larger non-onomatopoetic portion of the 
language accentuates, if anything, the difficulty of a general explana- 
tion of hnguistic origms by means of the onomatopoetic theory 
The exclamatory theory, as its name imphes, would find the earhest 
form of speech in reflex cnes of an emotional character These alaq, 
like the hypothetical earhest words of mutative ongm, would, m 
course of time become conventionalized and sooner or later so modi- 
fied in phonetic form as no longer to betray thou exclamatory Onguit 
' 86360”— SM 1912 38 
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The criticisms urged against the onomatopoetic theory apply with 
perhaps eveii greater force to the exclamatory one It is, if anytlung, 
even more difficult here than in the former case to see how a small 
vocabulary founded on reflex cries could develop into such complex 
luiguistic systems as wo have actually to deal with, It is further 
significant that hardly anywhere, if at all, do the interjections play 
any but an inconsiderable, almost negligible, pait m the lexical or 
grammatical machmery of language An appeal to the languages of 
prmntive peoples in order to find in them suppoit for either of the 
two theories referred to is of httle or no avail. Aside from the fact 
that their elaborateness of structure often seriously militates agamst 
our acceptuig them as evidence foi pimiitxve conditions, wo do not 
on the whole find either the onomatopoetic or exclamatoiy elements 
of relatively gi'eatcr importance in them than elsewhcic Indeed 
the layman would be often surprised, not to say disappomted, at the 
almost total absence of onomatopoetic trails m many Amencau 
Indian languages for mstance. In Chmook and related dialects of 
the lower course of the Columbia, onomatopoesis is developed to a 
more than usual extent, yet, as though to cmjihasize our contention 
.mth an apparent paradox, hardly anywhere is the grammatical 
mechanism of a subtler, anything but prumtivo character. We are 
forced to conclude that the existence of onomatopoetic and exclama- 
tory features is as little coirelated with relative prmntiveneas as we 
have found the use of gesture to be. As with the two theories of 
origin we have thus briefly examined, so it will be found to be with 
other theories that have been suggestofl They can not, any of 
them, derive support from the use of the argument of survivals m 
hiatoricaUy known languages, they all reduce themselvc,3 to merely 
speculative doctrmes 

So much for geneial considerations on language history Return- 
ing to the giadual process of change which has been seen to be charac- 
teristic of all speech, wo may ask ourselves what is the most central or 
basic factor ui this never-ceasmg flux Undoubtedly the answer 
must be: Phonetic change or, to put it somewhat more concretely, 
minute or at any rate relatively trivial changes in pronimciataon of 
vowels and consonants w^hich, havmg crept m somehow or other, 
assert themselves more and more and end by replacing the older 
pronunciation, which becomes old-fashioned and finally extinct. In 
a general way we can understand why changes in pronunciation 
should take place in the course of tune by a brief considiirtilion 
of the iirocess of language learning Roughly speaking, we learn 
to speak our mother tongue by imitating the daily speech of those 
who surround us m our childhood. On second thoughts, however, 
it will be seen that , the process involved is, not one of direct 
imitation, but of indirect imitation based on inference. Any given 
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word IS pronounced by a succession of various more or less compli- 
cated ad]U 8 tm 6 nt 3 of the speech organs These adjustments or 
articulations give rise to deiimte acoustic effects, effects which, in 
their totality, constitute speech Obviously, if the child's imitative 
efforts wore du-ect, it would have to copy as closely as possible the 
speech articulations which arc the direct source of what it hears. 
But it 18 still more obvious that these speech articulations are largely 
beyond the power of observation and hence mutation It follows 
that the actual sounds, not the aiticulations produemg them, are 
' imitated. This means that the child is subject to a veiy considerable 
period of random and, of course, whoUy involuntary experimenting 
in the production of such articulations as would tend to produce 
sounds or combmationa of sounds approximating more or less closely 
those the child hears In the course of this experimenting many 
failures are produced, many partial successes The articulations 
pioducing the former, inasmuch as they do not give results that 
match the sounds which it was intended to imitate, have httle or no 
associative power ivith these sounds, hence do not readily form into 
habits, on the other hand, ai'ticulations that produce successes or 
compaiative successes will naturally tend to become habitual. It is 
easy to see that the indirect manner m which speech articulations are 
acquired necessitates an element of eiTor, very shght, it may be, but 
error nevertheless The habitual articulations that have established 
themselves in the speech of the child will yield auditory results that 
approximate so closely to those used in speech by its elders, that no 
need for correction will be felt. And yet it is inevitable that the 
sounds, at least some of the sounds, actually pronounced by the child 
will differ to a mmlite extent from the correspondmg sounds pro- 
nounced by these elders Inasmuch as every word is composed of a 
definite number of sounds and as, fuithermore, the language makes 
use of only a limited number of sounds, it follows that corresponding 
to every sound of the language a definite articulation wiU have 
become habitual in the speech of the child, it follows immediately 
that the slight phonetic modifications which the child has introduced 
into the words it uses are consistent and regular Thus if a vowel 
' a has assumed a slightly different acoustic shade in one word, it will 
have assumed the same shade m all other cases involving the old 
®-vowel used by its elders, at any late m all other cases m which the 
did Qr-vowel appears under parallel phonetic circumstances, 

Here at the very outset we have illustrated m the mdividual the 
regularity of what have come to be called phonetic laws The term 
‘'pjionetic l<m" is justified m so far as a common tendency is to b© 
discovered in a large number of individual sound changes. It is im- 
portant, however, to understand that phonetic law is a purely historic 
concept, not one comparable to the laws of natural science. ' Vha 
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latter may be said to operate regardless of particular times and 
places, while a phonetic law is merely a generalized statement of a 
process that took place m a restricted area within a definite period 
of time. The real difficulty m the iinderstandmg of phonetic change 
in language lies not ni the fact of change itself, nor m the regularity 
with which such change proceeds m all cases affected, but, above all, 
in the fact that phonetic changes are not merely mdividual, but social 
phenomena; m other words, that the speech of all the members of a 
commumty in a given time and place undergoes certain regular 
phonetic changes Without here attempting to go mto the details 
of this process of the transformation of an mdividual phonetic pe- 
culiarity into a social one, we will doubtless not be for wrong in 
assuming that iinifornuty ls at first brought about by a process of 
unconscious imitation, mutual to some extent, among the younger 
speakers of a restneted locality, later, perhaps, by the half-conscious 
adoption of the new speech peculiauty by speakers of neighbormg 
localities, untd, finally, it has spread either over the entu’e area in 
which the language is spoken or over some definite portion of it. In 
the former case the historic contmuity of the language as a unit is 
preserved, ui the lattei a chalectic pecuharity has asseitcd itself. In 
the course of time other phonetic peculiarities spread that serve to 
accentuate the dialectic division However, the ranges of operation 
of the different phonetic laws need not be coterminous, so that a net- 
work of dialectic groupmgs may develop. At least some of the 
dialects will diverge phonetically more and more, untd in the end 
forms of speech wdl have developed that deserve to be called dis- 
tinct languages. It can not be denied that, particularly after a con- 
siderable degree of divergence has been attamed, other than purely 
phonetic characteristics develop to accentuate a difference of dialect, 
but every Imguistic student is aware of the fact that the most easily 
formulated and, on the whole, the most charactenstic differences 
between dialects and between languages of the same genetic group 
are phonetic m character 

True, some one wdl say, changes of a purely phonetic character can 
be shown to be of importance in the history of language, but what of 
changes of a grammatical sort 2 Are they not of equal or even greater 
importance^ Stiange as it may seem at first blush, it can be deni- 
onstrated that many, perhaps most, changes m grammatical form are 
at lost analysis due to the operation of phonetic laws. Inasmuch as 
these phonetic laws affect the phonetic form of grammatical elements 
as well as of other Imguistic material, it follows that such elements 
may get to have a new bearmg, as it were, bnnigh; ,ibout by ih('U’ 
change in actual phonetic content , in certain cases, what was originally 
a single grammuticai eiemont may in this way come to have two dis- 
tmfit forms, m other cases two originally distmct grammatical ele- 
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ments may come to have the same phonetic appearance, so that if 
circumstances are favorable, the way is paved for confusion and re- 
adjustment- Briefly stated, phonetic change may and often does 
necessitate a readjustment of morphologic groupings. It will be well 
to give an example or two from the history of the English language 
In another connection we have had occasion to briefly review the 
history of the words/oof and/eef We saw that there was a time when 
these words had respectively the iovmfot and Jdti The final vowel 
of the second word colored, by a process of assimilation which is gen- 
erally refericd to as " umlaut,” the o of the first syllable and made it o, 
later unrounded to e, the final after being dulled to an e, finally 
dropped off altogether The form fU% thus step by step developed 
mto the later /gi, winch is the normal Anglo-Saxon form Note the 
result. In fdti and other words of its type the plural is expressed 
by a distmet suflix ui fit, as in modern English feet, and m words 
of correspondmg form it is expressed by an internal change of vowel. 
Thus an entnely new grammatical feature ui English, as also m 
quite paiallel fashion m German, was brought about by a series of 
purely phonetic changes, in themselves of no grammatical significance 
whatever. 

Such grammatical developments on the basis of phonetic changes 
have occurred with great frequency m the history of language. In 
the long run, not only may m this way old grammatical features be 
lost and new ones evolved, but the entire morphologic type of the 
language may undergo profound modification A strildng example 
IS furnished agam by the history of the English language It is a 
well-known feature of English that absolutely the same word, pho- 
netically speakmg, may often, accordmg to its syntactic employ- 
ment, be construed as verb or as noun. Thus, we not only love and 
Iciss, hut wo also give our love or a lass, that is, the words love and hiss 
may be indifferently used to predicate or to denommate an activity. 
There aie so many examples m English of the formal, though not 
syntactic, identity of noun stem and verb stem that it may well be 
said that the English language is on the way to become of a purely 
analytic or isolatmg type, more or less similar to that of Chinese. 
And yet the typical Indogermamc language of earlier times, as rep- 
resented say by Latm or Greek, always makes a rigidly formal, not 
merely syntactic, distmction between these fundamental parts of 
speech If we examme the history of this truly significant change of 
tJTQ in English, we shall find that it has been due at last analysis to 
the operation of merely phonetic laws The ongmal Anglo-Saxon 
form of the infinitive of the verb Iciss was cyssan, while the Anglb- 
‘ Saxon form of the noun Idss was cyss. The forms m early middle Eng- 
lish tunes became dulled to lessen and Itiss, respectively. Fmal imac- 
eented -% later regularly dropped off, so that the infinitive, of the verb 
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cauio to be hisse. In Cbaucer’s day the verb and tbe noun were 
still kept aptti't as Icissi and Inss, rebpectively, later on, as a final 
unaccented ~e legulaily dropped ofi, hisse became lass, so that there 
ceased to be any formal difference between the verb and noun The 
history of the Anglo-Saxon veib lufian ‘ ‘ to love ” and noun lufn ‘ ‘ love’ ’ 
has been quite parallel, the two fuially became confused in a smgle 
form luv, modern English love. Once the pace has been set, so to 
speak, for an interchange ui English between verbal and nominal use 
of the same word, the process, by the worknig of sunple analogy, 
IS made to apply also to cases wheie in origin we have to deal with 
only one part of speech, thus, we may not only have a sick stomach,, 
but we may stomach an uqury (noun becomes verb), and, converaely, 
we may not only vontc up a persem, but he may gt't a wnle up (verb 
becomes noun) It bas, I hope, become cpiite clear by this time how 
the trivial changes of pronunciation that aie necessitated hy the very 
proeCiSs of speech acquirement may, m due comse of tunc, profoundly 
change the fundamental chaiacteristics of language vSo also, if I 
may be paidoued tbo use of a simile, may the slow erosive action of 
water, coiituuied 1,luough woaiy ages, profoundly transform the 
chai’acter of a landscape If there is one pomt of historic method 
rather than another that the scientific study of language may teach 
other historical sciences, it is that changes of the greatest magm- 
tude may often be traced to phenomena or processes of a minimal 
magnitude, 

On the whole, phonetic change may be said to be a destructive or 
at best transformmg force in the history of language Reference has 
already been made to the mfiuonco of analogy, wbich may, on tbe con- 
trary, be considered a preservative and cieative force Li every lan- 
guage f he existing morphological groups establish more oi less definite 
patlis of analogy to which all oi piactically all the lexical material is 
subjected, thus a roceiiLly acqumed veib like to telegraph in English is 
handled in stiict analogy to the great mass of old veibs withtheh vary- 
ing furms Such foims as he walks and he laughs set the precedent 
ioi he telegraphs, forms like walking and laughing for telegraphing. 
Without such cleai-cut grooves of analogy, indeed, it would be impos- 
sible to leain to speak, a coroUaiy of winch is that there is a limit to 
the extent of grammatical irregulauty in any language When, for 
some reason or other, as by the <lisintegratmg action of phonetic laws, 
too groat UTegularity manifests itself m the morphology of the lan- 
guage, the' force of analogy may assert itself to establish comparative 
regularity — that is, forma which belong to ill-defined or sparsely repre- 
sented morphologic groups may be replaced by equivalent formE that 
foUow the analogy of better-defined or more numerously represented 
groups. In this way all the noun plurals of English, if we except , a 
few BUTvivaLs like yeti and oteu have come to be cbaracterizied by h 
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suffixed -s; tlie analogical power of the old -s plurals was strong 
enough to transform all other plurals, of which Anglo-Saxon possessed 
several distinct types The great power exerted by analogy is seen 
in the persistence with which chilchen, whose minds are naturally 
unbiased by tradition, use such forms as /oofs and Tie simmmed Let 
us not smile too condescendingly at the use of such forms; it may not 
be gomg too far to say that there is hardly a word, form, or sound m 
present-day English which was not at its first appearance looked 
upon as incorrect 

The disintegrating influence of phonetic change and the leveling 
influence of analogy aie perhaps the two main forces that make for 
linguistic change The various influences, however, that one language 
may exert upon another, generally summed up m the word ‘ 'borrowmg,’ ' 
are also apt to be of importance As a rule such influence is limited 
to the taking over or borrowing of certain words of one language by 
another, the phonetic form of the foreign word almost always adapt- 
ing itself to the phonetic system of the borrownig language Besides 
this very obvious sort of influence, there are more subtle ways in which 
one language may influence another It is a very noteworthy phe- 
nomenon that the languages of a contmuous area, even if genetically 
unrelated and however much they may differ among themselves from 
the point of view of morphology, tend to have similar phonetic sys- 
tems or, at any rate, tend to possess certam distmctive phonetic traits 
in common It can not be accidental, for mstance, that both the 
Slavic languages and some of the neighboring but absolutely unrelated 
Ural-Altaic languages (such as theCheremiss of the Volga region) have 
in common a pecuhar dull vowel, known m Russian as yeH, and also a 
set of palatahssed or so-called “soft” consonants alongside a parallel set 
of uiipalatahzed or so-called “hard” consonants. Similaily, we find 
thatChmese and Siamese have in common with theumdlated Annamite 
and certam other languages of Farther India a system of musical 
accent A thu’d very striking example is afforded by a large number 
of American Indian Imguistic stocks reaching along the Pacific coast 
from southern Alaska well into California and beyond, which have in 
common peculiar voiceless Z-sounds and a set of so-oaUed “fortis” 
consonants with cracked acoustic effect It is obvious that m all 
these cases of comparatively uniform phonetic areas, embracing at the 
same tune diverse linguistic stocks and types of morphology, we must 
be dealing with some sort of phonetic influence that one language 
may exert upon another. It may also be shown, though parhaps less 
frequently, that some of the morphologic traits of one language may 
be adopted by a neighboring, sometimes quite unrelated, language, 
or that certam fundamental grammatical features are spread among 
several unrelated hnguistic stoclcs of a continuous area One examplb 
of this sort of influence ivill seiwe for many. The French express the 
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numbers 70, SO, and 90, respectively, by terms meaning 60-10, 4 
twenties, and 4 twenties 10, these numerals, to which there is no 
analogy in Latm, have been plausibly explamed as survivals of a 
vigesimal method of counting — thatis, couiitmg by twenties — theiium- 
bers above 20, a method that would seem to have been borrowed from 
Gallic, a Celtic language, and which still survives ni Gaelic and other 
modern Celtic languages This example is the more sti iking as the 
actual lexical iniuence which Celtic has exerted upon French is 
siirpiismgly small So much for the influence of borrowing on the 
history of a language. 

We may turn now to take up the matter of the varieties of human 
speech One method of classiGmig the languages of the world has been 
already refeiied to, it may be teimed the genetic method, inasmuch 
as it employs as its criterion of classification the demonstrable relation 
of certam languages as iliveigent forms of some older form of speech 
As we have aheady seen, the linguistic stocks which wc thus get as our 
largest units of speech arc too numerous to serve as the simjilest pos^ 
sible reduction of the Irnguisiac material to be classified One natu- 
rally turns, therefoie, to a psychological classification, one in which the 
ciassificatory ciitorionis the fundamental morphological type to which 
a particular language or stock is to be assigned Such a classification 
of morphological types may proceed from difi’erent pomts of view, 
varying emphasis bemg laid on tlus or that feature of morphology. 
It is clear at the outset that we have to chstmguish between what we 
may call the subject mattei or content of morphology and the mere 
form pure and simple Any grammatical s 3 ^stem gives formal expres- 
sion to certain modes or categories of thought, but the manner of 
expression of these categories or the formal method employed may 
vary greatly both for diffeiont categories and for different languages 
Not infrequently the same logical categoiy may be expressed by 
different foiinal methods in the same language Thus, hi English the 
negative idea is exju essed by means of throe distinct formal methods, 
exemplified by untnithfal, with its use of a prefix wi-, which can not 
occur 03 a freely movable word, hopeless, with its use of a suffix -less, 
which again can not occiu as a freely movable word; and not good, m 
which the negative idea is expi essed by an element (not) that has enough 
mobility to justify its bemg considered an independent word. We 
have here, then, three formal processes illustrated to which may be 
assigned the terms prefixing, suffixing, and j uxtaposmg in definite 
order. While the same logical category maj'" be grammatically 
expressed by different formal methods, it is even more evident that 
the same general formal method may be utilmed for many different 
categoiies of thought Thus, m English the words hoolcs and worhsed 
use the same method of auffixmg grammatical elements, the one to 
express the concept of plurality, the other that of past activity The 



wovdsfeet and mam, furthermore, respectively express the same two 
concepts by the use of an entirely distmct formal method, that of 
mternal vowel change 

On the whole one finds that it is possible to distinguish between two 
groups of grammaticallv expressed logical categories One group 
may be characterized as derivational, it embraces a range of concepts 
expressed by grammatical dements that serve to limit or modify 
the signification of the word subjected to giammatical treatment 
without seriously affecting its relation to other words in the sentence. 
Such merely derivational elements are, in English, prefixes like un~, 
suflfixes like -less, agentive suffixes like -er in haker, and numerous 
others The second group of logical concepts and coi responding 
grammatical elements may be characterized as relational, they not 
merely serve to give the word affected a new inciement of meaning, 
as is the case with the first group, hut also assign it a definite syn- 
tactic place in the sentence, defining as they do its relation to other 
words of the sentence Such a relational grammatical element, m 
Enghsh, IS the plural -s suffix; a woid, for instance, like 'books differs 
from its coriespondmg smgular book not merely m the idea of plurality 
conveyed by the suffix -s, but in that it assumes a different grammat- 
ical relation to other words in the sentence — a book ^s, but books 
are Such relational elements are, furthermore, the case and gender 
suffixes of nouns and adjectives m Indogermamc languages; further- 
more, the personal endings and tense suffixes of verbs. On the whole 
it may be said that derivational elements are of relatively more con- 
crete signification than the relational ones and tend to become more 
thoroughly welded into a word umt with the basic word or stem to 
which they are attached or which they affect This statement, 
however, is only approximately of general apphcation and is subject 
to numerous qualifications The greatest degree of concreteness 
of meanmg conveyed by derivational elements is probably attamed 
m many, though by no means all, American Indian languages, where 
ideas of largely material content are apt to be expressed by gi’am- 
matical means. To this tendency the name of polysynthesis has‘ 
been applied Thus m Yana, an Indian language of northern Cali- 
fornia, such ideas as up a hill, across a creek, m the fire, to the east, 
from the south, immediately, in vam, and a host of others are expressed 
by means of granimatical suffixes appended to the verb stem; so 
also m Nootka, an Indian language of Vancouver Island, so highly 
special ideas as on the head, in the hand, on the rocks, on the surface 
of the water, and many others are similarly expressed as suffixes. 
It is important to note that, although the distinction between deriva- 
tional and relational grammatical elements we have made is clearlj?’ 
reflected in some way or other in most languages, they differ a great 
deal as to what particular concepts are treated as respectively 
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derivational or relational. Such, concepts as those of sex gender, 
numbei, and tense, which in Indogermanic are expiessed as rela- 
tional elements, aie m other Imguiatic stocks hardly to be separated, 
as regards their grammatical treatment, from concepts treated m a 
clearly derivational mannei. On the othei hand, demonstrative 
ideas, which m most Indogeimanic languages leceive no lelational 
sjmtactic treatment, may, as m the Kwakmtl language of British 
Columbia, serve an important relational function, analogous, say, 
to the Indogermanic use of gender, ]ust as m Latm, for instance, 
sucli a sentence as ‘‘I saw the big house” is expressed by “I-saw 
house-masculme-objective big-masculuie-objective,” with a iiecessaiy 
double lefcience to the concepts of case lelaiinn and gender, so in 
Kwakiutl the sentence "I saw the house” would have to be expressed 
by some such sentence as ”I-saw-the-objective-near-you house- 
VTSible-noar-you,” with an analogous iiecessaiy double reference to 
the demonstrative relations involved If, now, it has been shown 
that no necessary correlation exists between particular logical con- 
cepts and the foiinal method of their gianimatical leiideriug, and if, 
furtheimoie, there can not even bo shown to be a hard and fast Ime 
m grammatical treatment between concepts of a derivational and 
concepts of a more defimte lelational chaiacter, what becomes of the 
logical category 'per se as a cnterion of Imguistic classification on the 
basisoffoimS Evidently it fails us Of however gi eat psychological 
interest it might be to map out the distribution in vaiious linguistic 
stocks of logical concepts receivmg formal treatment, it is clear that 
no satisfactory formal classification of Imgmstic types would result 
fioin such a mapping. 

Having thus disposed of the subject mattei’ of imguistic morphoiogy 
as a olassiiicatoiy oriterion, theie is left to us the foim pure and 
simple, Here we are confronted first of all by a number of formal 
grammatical methods or processes These, being less numerous than 
the logical categories which they express themselves, and, further- 
more, being on the whole more easily defined and recognized, would 
seem to lend themselves more easily to classificatorj^ purposes. The 
simplest grammatical process is the 'juxtaposing of 'words in a definiU 
order, a method made use of to perhaps the greatest extent by Chinese, 
to a veiy largo extent also bj^ Enghsh, the possibilities of the process 
from the pomt of view of grammatical effectiveness may be iUus- 
tmted by compamag such an Enghsh sentence as “The man laUed 
the bealr” wth “The bear lolled the man,” the aotual words and 
forms being identical in tbe two sentences, yet defimte case relations 
beipg clearly expressed in both A somewhat similar process, yet 
easily enough kept apart, is compounding, that is, the fusion of two 
words or independent stems into a firm word umt; the process is par- 
iiouloiiy well developed m English, as illustrated by words ‘hke tali' 



road and underestimate, and indeed is found widely spread among the 
most diverse linguistic stocks In some languages, as in tlie Sioux 
and Paiute of our own country, compoumling of verb stems is fre- 
quent, as illustrated by such foims as to eat-stand; that is, to eat while 
standing; on the othei hand, in not a few linguistic stocks, as the 
widespread Athabascan stock of Noi th America and in the Semitic lan- 
guages, compounding as a regular process la almost oi entirely lacking 
Perhaps the most commonly usod formal method of all is a^xing; that 
13 , the appending of grammatical elements to a word or to the body 
or stem of a word; the two most common varieties of affixing aie 
prefixing and suffixing, examples of which have been already given 
from Enghsh Probably the majority of linguistic stocks make use 
of both piofixes and suffixes, though they differ greatly as to the rel- 
ative importance to be attached to these two classes of elements. 
Thus, while both m Indogermanic and m the Bantu languages of 
Africa prefixes and suffixes are to be found, we must note that the 
gi’eater pait of the grammatical maohineiy of Indogermanic is earned 
on by its suffixes, while it is the prefixes that in Bantu take the lion’s 
share of grammatical work There are also not a few Imgmstic stocks 
ui which suffixmg as a process is greatly developed, while prefixmg is 
entirely unknown, such are Ural-Altaic, Eslamo, and the Kwalautl 
and Nootka languages of Bntish Columbia. On the other hand, lan- 
guages m which prefixes are used, but no suflixes, seem to be quite 
rare. A thnd variety of affixmg, Imowm as infixing, consists in insert- 
uig a grammatical element into the very body of a stem, though not 
neaily so widespread as either prefixmg or suffixmg, it is a well- 
attested Imgmstic device m Malayan, Siouan, and elsewhere. Still ' 
another widespread grammatical process is reduplication; that is, the 
repetition of the whole or, generally, only pari, of the stem of a word; 
in Indogermanic we are familiar with this process in the formation, 
for instance, of the Greek perfect, while in many American Indian 
languages, though m far from aU, the process is used to denote 
repeat-ed activity. Of a more subtle character than the gi’ammatical 
processes briefly reviewed thus far is internal vowel or consanani change. 
The former of these has been already exemplified by the Enghsh words 
feet and swam as contrasted with/ooi and swim; it attains perhaps its 
greatest degree of development in the Semi tic languages The latter, 
internal consonant change, is on the whole a somewhat rare phenom- 
enon, yet finds an illustration m Enghsh m at least one group of cases. 
Beside such nouns as house, mouse, and teeth, we have derived verbs 
such as to house, mouse around, and teeth, m other words a certain 
class of verbs is derived from corresponding nouns by the changing 
of the final voiceless consonants of the latter to the correspondifig, 
voiced consonants In several iion-Iiidogermanic languages, as in' 
Takebna of southweetern Oregon and in Fulbo of the Soudan, sucli 
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grammatical consonant changes play a very important part As the 
last formal grammatical process of impoi'tanco may be mentioned 
accent, and here wo have to distinguish betwoen stress accent and 
musical or pitch accent. An excellent example of the grammatical 
use ol stress accent is afforded m English by such pans of words as 
c6nflict and mijlict, 6h]ict and object, the verb bemg accented on the 
second syllable, the noun on the first Musical accent is a far more 
prevalent phonetic chai acteristic than is perhaps generally supposed, 
it IS by no moans confined to Chuiese and neighbormg languages of 
eastern Asia, but is found ]ust as well m many languages of Afiica 
and, as has been recently discovered by !Mi' J. P. Harrington and the 
wiTter, in a few North American Indian languages As a process of 
definite grammatical significance, however, musical accent is not so 
Widespread It is found, to give but one example, m the earher 
stages of Indogermanic, as exemplified, among others, by classical 
Gieok and by Lithuanian 

Having thus briefly reviewed the various grammatical processes 
used by different languages, we may ask ourselves whether the 
mappmg out of the distribution of these processes would be of more 
service to us in our quest of the mam types of language than we have 
found the grammatical treatment of logical concepts to be. Here a 
difficulty presents itself If each linguistic stock were characterized 
by the use of ]ust one or almost entu’ely one formal process, it would 
not be difficult to classify aU languages rather satisfactorily on the 
basis of form But there are great differences in this respect A 
minority of linguistic stocks content themselves with a consistent 
and thoroughgoing use of one process, as does Eskimo with its suffix- 
ing of grammatical elements, but by far the larger number make use 
of so many that their classification becomes difficult, not to say 
arbitrary Thus m Greek alone every one of the processes named 
above, exceptmg consonant change, can be exemplified Even if we 
limit oui selves to a consideiation of grammatical processes employed 
to express the relational concepts, we shall find the same difficulty, 
for the same language not mfi'equently makes use of several distinct 
processes for concepts of this class 

On a closer study of Imguistic morphology, however, we find that 
it 13 possible to look at the matter of form m language from a different, 
at the same tune more generalized, pomt of view than fiom that of 
the formal processes employed themselves. This new point of view 
has regard to the inner coherence of the words produced by the opera- 
tion of the various grammatical processes; m other words, to the 
relative degree of unity which the stem or unmodified word plus its 
various grammatical increments or modifications possesses, emphasis 
being particularly laid on the degree of umty which the grammatical 
processes brmg about between the stem and the increments w^hieh 
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express relational concepts On tlie basis of tins formal criterion we 
may classify languages, at least for the purposes of this paper, into 
the three mam types of Imguistic morphology generally recognized. 
The first type is characterized by the use of words which allow of no 
grammatical modification whatever; m other words, the so-called 
isolating type In a language of this type all relational concepts are 
expressed by means of the one simple device of juxtaposmg words in 
a definite order, the words themselves remaining unchangeable units 
that, according to their position in the sentence, receive various 
relational values The classical example of such a language is 
Chinese, an illustration from which will serve as an example of the 
isolating t3pe of sentence woo^ (rising from deep tone) pn? (rising 
from high) p‘d^ (smiting from imddle) t‘d^ (liigh) may be literally 
translated “I not fear he,” meamng "I do not fear him,” woo’ '“I” 
as subject comes first, p'a^“fear” as predicate follows it, pv? “not,” 
masmuch as it limits the range of meaning given by the predicate, 
must precede it, hence stands between the subject and predicate, 
finally t‘a^ “he” as object follows the predicate If we exchange the 
positions of woo’ and Va)- we change their syntactical bearing, woo’ 
“I” becomes “me” as object, while t‘d}, which in our first sentence 
was best translated as “him” now becomes “he” as subject, and the 
sentence now takes on the meaning of “he does not fear me ” 

In the second mam type of language, generally known as the 
agglutinative, the words are not generally unanalyzable entities, as m 
Chinese, but consist of a stem or radical portion and one or more gram- 
matical elements which partly modify its primary signification, 
partly define its relation to other words m the sentence. While these 
grammatical elements are in no sense independent words or capable 
of bemg undei stood apart fiom their proper use as subordinate parts 
of a whole, they have, as a rule, their defimte signification and are 
used with quasi-mechanical regularity whenever it is considered 
grammatically necessary to expiess the corresponchng logical concept; 
the result is that the word, though a unit, is a clearly segmented one 
comparable to a mosaic An example taken from Turkish, a typical 
agglutmative language, will give some idea of the spirit of the type it 
represents The English sentence “They were converted into the 
(true) faith with heart and soul” is rendered m Turkish d&an u 
gSn/ill-den iman-a gel-ir-ler,^ hterally translated, “Heart and soul- 
from belief-to come-mg-plural ” The case-endmg ~den “from” is 
here appended only to giivM “soul” and not to d&an “heart,” though 
it applies equally to both, here we see quite clearly that a case- ending 
is not indissolubly connected with the noun to which it is appended, 
but has a considerable degree of mobility and oorrespondmg transpa- 


I Tjij 'TurWah and Chinese examples are taken from E. N Einok’s "Die Haupttypen des Spfaohbaus.’' 
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renoy of meaning. TI10 verb form gel-ir-Ier, which may be roughly 
translated as "they come,” is also instructive fiom our present point 
of view; the endmg -ler or -lar is quite mechanically used to mdicate 
the concept of plurality, whether in noun or verb, so that a verb form 
“they come,” really " come-plural,” is to some extent parallel to a 
noun form like "books,” ically “book-pluial.” Here we see clearly 
the mechanical icgularity with which a logical concept audits cone- 
sponding grammatical element are associated. 

In the thud, the inflective, type of language, while a word may be 
analyzed into a radical portion and a number of subordinate gram- 
matical elements, it is to be noted that the unity formed by the two is 
a very firm one, moreover that there is by no means a mechanical one- 
to-one correspondence between concept and grammatical element. 
An example from Latin, a lypical inflective language, will illustrate 
the diSerence between the agglutmative and inflective types. In a 
sentence like video homines "I see the men," it is true that the verb 
form mdeo may be analyzed mto a radical poition vide- and a personal 
endmg -0, also that the noun form homines may be analyzed into a rad- 
ical portion homm- and an endmg -es which combines the concepts of 
plurality with objectivity; that is, a concept of number with one of 
case But, and here comes the sigmficant point, these words, when 
stripped of their endings, cease to have even a semblance of meaning, 
in other woicls, the endings are not merely agglutmated on to fuUy 
formed woids, but form firm word-units mth the stems to which they 
are attached, the absolute or rather subjective form homo, “man,” is 
quite distmot from the stem homin- which we have obtained by analy- 
sis. Moreover, it should be noted that the ending -0 is not mechani- 
cally associated with the concept of subjectivity of the fiigt person 
singular, as is evidenced by such forms as ifidi “1 saw” and videam 
“I may see”, m the ending -es of homines the lack of the mechanical 
association I have spoken of is even moie pronounced, for not only 
are tlieie in Latm many other noun endings which peiform the same 
function, but the endmg does not even expiess a single concept, but, 
as we have seen, a combined one. 

The term polysyvihetic is often employed to designate a fourth 
type of language lepresonted chiefly in aboriginal America, but, as has 
been shown in another connection, it rafera rather to the content of a 
' morphologic system than to its form, and hence is not strictly parallel 
as a classificatory term to the three we have just exammed As a 
matter of fact, there are polysynthehc languages in America which 
are at the same time agglutmative, others which are at the same time 
inflective. 

It should be carefully borne in mind that the terms isolating, agglu- 
tinative, and inflective make no necessary impheations as to the logical 
concepts the language makes use of in its grammatical system, nor is 
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it possible definitely to associate these three types with particular 
formal processes It is clear, however, that on the whole languages 
which make use of word order only for grammatical purposes are isolat- 
ing in type, further, that languages that make a liberal grammatical 
use of internal vowel or consonant change may be suspected of being 
infiective It was quite customaiy formerly to look upon the three 
mam types of morphology as steps in a process of historical develop- 
ment, the isolating type lepieseiitmg the most primitive form of 
speech at which it was possible to arrive, the agglutinative coming 
next in order as a type evolved from the isolating, and the inflective 
as the latest and so-called highest type of all. Further study, how- 
ever, has shown that theie is little to support this theory of evolution 
of types. The Chmese language, for instance, so far from being typ- 
ical of a primitive stage, as used to be asserted, has been quite con- 
clusively proven by internal and comparative evidence to be the re- 
sultant of a long process of simplification from an agglutinative type 
of language. English itseK, in its historical affiliations an inflective 
language, has ceased to be a clear example of the inflective type and 
may perhaps be said to be an isolatmg language m the malting, Hor 
should we be too hasty in attaching values to the various types and, 
as is too often done even to-day, look with contempt on the isolatmg, 
condescendingly tolerate the agglutmative, and vaunt the superiority 
of the inflective type A well-developed agglutinative language may 
display a moie logical system than the typically inflective language. 
And, as for myself, I should not find it ndiculous or even paradoxical 
if one asserted that the most perfect Imguistic form, at least from the 
pomt of view of logic, had been attained by Chinese, for here we have 
a language that, with the simplest possible means at its disposal, can 
express the most techmcal or philosophical ideas with absolute lack 
of ambiguity and with admirable conciseness and directness. 
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The maiupulation and the preparation of ordinary articles and of 
food products were at fii’st carried on m Grecian homos exclusively 
by members of the family, and later the service of slaves was utilized 
for such work Domestic mdustry was more general up to our time, 
and it deci eased and gave way only because of the enormous im- 
provements of manufacture m shops and on a large scale, and the 
increase m facilities of communication and for transport 

In ancient Greece domestic industry was the common custom. 
The poorest did not hesitate to have at least one or two slaves for 
giindmg then gram, for makmg their bread, as well as for reaping 
and for weaving garments 

Artisans were at first forced to practice several trades at once to 
gain a livmg In small cities the same class of workmen made bed- 
steads, doors, plows, tables, and even built houses. 

The division of woik depended on commerce and its demands. 
And durmg the great epoch m Greece one even saw the cooks, just 
as they do m our day to the detriment of the middle class, acquiring 
an individual reputation each for a specialty — one for the frying of 
fish, another for lentil bread, etc. In the potteries there were special 
workmen for vases ; others for makmg only lamps, and others for 
statuettes. This was a step toward trad© and manufactures, prop- 
erly so called. 

Many cities specialized m certain products, due to favorable local 
conditions, to the possession of trade secrets. Thus commerce de- 
manded from Megara only “exomides’' or the coarse clothes for 
slaves which aU needed, and all the inhabitants of Megara were sup- 
ported by then.' manufacture Likewise, gauze robes, ' ‘chlamides,” 
Were the specialty at Mfietis and perfumes and potteiy at Athens. 
The skill of the bronze workers of Corinth was wonderful. 

But it would be mcorrect to assume that the citizens of these 
places, either as a whole or in great part, were themselves actually 
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engaged in these various arts and manufactures and executed the 
■work. In Sparta citizens were rigorously forbidden to work at 
trades, and this aristocratic prejudice has always existed to a greater 
or less degree throughout Greece. Heiodotus (II, 167) expressly 
says: 

Among the barbarians those who learn the mechanical arts and even theii chil- 
dren are regarded as the lowest class oE citizens On the other hand, they esteem aa 
the most noble those who engage m no trade whatever and espeuialiy those who 
have devoted thomaelves to the piotession of arms All Greeks, and particnlaily the 
Lacedemonians, have been schooled in these principles. 

The factories where free men chiefly were employed wore aU small^ 
with 10 workmen at the most An msenption at Athens grraig a 
list of woikmon shows that m the fifth century, the gi'and century, 
the free workmen were still in the majority, for this list includes 24 
Athenians, 40 m^t^ques (foreigners from other Grecian cities), and 
only 17 slaves. The majority of these free men were for the most 
part foreignei’s, 'without rights of citizenship, whom misfoitune had 
driven from then homes. In a workshop at the sanctuary of Eleusis 
theie were 39 m4tSques, 36 Athenians, and 12 baibaiians or wan- 
dering worlonen, who came to offer their services, hut not slaves, 
The period of the fifth ceiituiy was the most auspicious and the 
most brilliant in ancient Greece. Agiiculture was then still pre- 
dominant in Attica 

But that condition was completely overturned. Tlie philoso- 
phers themselves turned aside the Greeks from manual labor. 
Their teaching as well as their example tended to create an mtellec- 
tual filite, an aristocracy of mmd, much above the mass But they 
had oveiTeached their mark m inspiring a contempt for work To 
believe one’s self too much above others destroys the equilibnum. 

Socrates himself did nothmg Ho did not even -wiite his moral 
teachings. Wliile preachmg a contempt for sordid gam, he did not 
study the subject close enough to undemtaud the need of being busy, 
everything censuring idleness 

In the professions that tend toward wealth Plato could see only 
selfishness, baseness of spirit, the degrading of the finer sensibilities, 
In such appreciation there is a moral element of a delicate and ele- 
vating nature But Plato, like Aristotle, came to see in commefco 
and mdustry t-wo evils of society His moral ideal was joined ■with 
that ideal of simplicity of primitive epochs when the worst brigand- 
age, viewed from afar, was colored with heroic virtue. “If,” said 
he, “astronomers, very modest magistrates charged ■with the polic- 
ing of streets and dwellings, ■with cleanlmess and good order, should 
perceive anyone of their number neglectmg the study of virtue to 
practice a trade, they should overwhelm him ■with reproaches and 
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contempt ” Spartomama, a love for military traming in idleness, 
should be vigorously condemned 

Xenophon commended those cities which forbade eveiy citizen 
fiom practicmg the mechanical profession, foi, thought he, the soul 
is thus degraded, the body is weakened, and workmen ai’e pooidy 
prepared by the sedentary life for the exigencies of military strug- 
gles 

At Thebes the practice of a trade was mcomj)atible with the exer- 
cise of a magistracy. 

Accordmg to Aristotle himself, mechanical employments w'ere 
unworthy of a fiee man For one to woik ivith his hands for him- 
self, well and good, but to work for otheis, that was to perform the 
labor of a meiccuary and a slave In order to be a citizen one 
should be free from labors necessary for the mamtenance of life 
The spirit of man, m order to unfold itself, must have freedom, and 
freedom is leisure Aristotle even believed that all workmen were 
foreigners or slaves 

Plutarch professed contempt for all manual labor "While tak- 
ing pleasure in the work,” says he, "we despise the workman, 
though that workman be a talented artist, such as Phidias.” 

Aristophanes, m his turn, had only reproachful peals of laughter 
for those who worked with then hands in commerce or industry — ^for 
Lysicles, a sheep dealer; for Hyperboles, a maker of lamps; for the 
great Euripides himself, "the son of a fruit trader ” 

The law wisely prohibited castmg a stigma on a citizen of Athens 
for a trade he had practiced at the Agora, but public opinion went 
further and they struck a man from the list of citizens simply because 
his mother sold ribbon at a market A law was even proposed for 
reduemg all artisans to servitude 

The inevitable consequence and force of such prejudices would be 
to brmg about the gradual fall of a free worlnnan, the despising and 
abandonment of mechanical arts, and placing idleness pure and simple 
above everything It is truly painful to know that the ceramic 
workmen of Athens, who originated so much and advanced so far 
for all tune the artistic reputation of their city, were utterly despised. 
They have not left a trace m history Them studios were not numerous 
and their quarters became those of classes of the lower ranks This 
was not perhaps what philosophers, lovers of intellectual culture, 
would wish m emancipation from despised material cares, those who 
taught nobdity of life in advising estrangement from the base tasks 
ahd sordid gains Bnt, thinking only of exalting themselves, counting 
only a small 41ite as capable of hemg conseciated, like themselves, 
to science and virtue, they were in the eyes of all the nation devoted 
to a fatal ideal, already well spent, which was to live by domg nothtag, 
from the work of the slaves 



600 AKTinjAL BEPOBT SMITnSONIAN IN3TITTJTI0K, 1912. 

The downfall began about their time, from the fourth century, 
amce in then social improvidence they did not dream of aasuiing 
the duration of the flame which they brightened but for a moment 

Theii principal imstake, shared by all the idle classes, hastened 
in turn by the gradual inciease of mtelligence among all those who 
were forced to do something, was to believe that the faculties would 
reniam intact, and the power to tlunk and to do would keep awake 
notwithstaiidmg habitual inaction and without a constant exercise 
of the brain They have believed that one could conseiv6 the taste 
for beautiful things, though never lealizmg or even attempting great 
deeds 

And the power of Greece, formed by the struggles and through the 
expeditions of conquest and commerce pin sued durmg the mnth 
and eighth centuries on all sides, even as far as the Black Sen, in 
France, in Africa, in Spam, with wonderful boldness, was weakened 
at the end of this period mto an egotistic selfisliness from the riches 
which were accumulated Greece deteriorated, and was then debased. 

In Ins Ihe of idleness the Greek developed his oratorical faculties. 
He must speak at the tribune, m the gymnasium, no matter how un- 
prepared, or whethei there was anyone to listen to him Eeady 
speech and bhmdenng boastfulness became after awhile the charac- 
teristics of the race * 

No one then wished to work longer And already in the fourth 
centuiy the philosopher Hippiaa was a subject of wonder because he 
made his owm clothes and shoes All, however, desired more than 
ever to enjoy every comfort and to sport m luxury Then the 'm- 
creasing of slaves rapidly became tremendous This was the visible 
reason for the decay and decline of ancient Greece. They had 
slaves in all conditions of life and m all degrees of the field of labor. 
And what slaves I 

One saw in ancient Greece some things of the kmd observed in cen- 
tral Afiica in our day Abductions of children were frequent, and 
public ceremonies themselves, attractmg the crowds, were ordmary 
occasions for it The Greek law, besides, authorized parents to aban- 
don then' cbildi'en on the highway. Those who received them raised 
them in slavery. At Thebes the father who wished to bo rid of his 
child for profit took it to the magistrates, who sold it at auction At 
Athens the father could sell his daughter only when guilty of miscon- 
duct Solon had slavery abolished for debts, but the custom neyer- 
theless was generally m force And even at Athens, at the revision' 
of lists of Citizens, whoever was fraudulently mscribed was sold.' 
Plato, who wanted all manual work executed under constraint by 
the slave, was himself embaiked by Denys, of Syracmi>, on n L>i( v'- 
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clemonian vessel, transported to ^ISgina, perhaps Ins native land, and 
put on sale as a slave 

It mattered not who might demand a free man as a slave, such 
a one was without defense unless a citizen assumed for him the 
cost of trial The prisoners of war made by the Greeks could be 
fieed by exchange or ransom. And it came to pass that with progress 
m morals and wealth the custom was established of pa 3 Tng the 
ransoms rathei than to allow citizens, parents, compatriots to fall 
mto slavei}'' In 406 B C the Spartans and their allies, having 
conquered Methymna, were on the pomt of sehmg all the inliabitants; 
but then chief refused to reduce Greeks mto slavery A kmd of 
patriotism between laces of the same tongue and the same culture 
existed then It was, however, only the end of the fifth centuiy 

Afterwards they wished no longer to have slaves when considera- 
tions of such nature would oblige good treatment. The penal code 
provided strenuous ordmances as to the service of slaves to them 
owners Them only recourse agamst the cruelty of them masters 
was flight, and flights of slaves, partly for that reason, were common. 
Some masters at first treated them slaves well, as “children" of 
them famihes, these were the ones in domestic service. They no 
longer had names The killing of one of them was considered as 
unintentional homicide. They could own nothmg, and the money 
they were permitted to have most often returned to the master, who 
thus allowed them means for ransom. 

1 Some family relations were permitted between slaves, but they 
were not recognized by the law The master who cohabited with a 
slave contracted no obhgation whatever, the umon bemg ignored by the 
law. If he had a child by a slave, it was legarded as without a father, 
coming from the mother only, and was the property of the master, 
its father in this particular case, the same as any other child bom of 
slaves. But we find that many of these children were incorporated 
into the family by emancipation and adoption. We have herd a 
very grave condition, for we know that these sexual relations of 
masters with them slaves was common Philip of Macedonia gave 
t'o Philocrates numerous wives from Olynthus for the sake f-f 
debaucheries m the year 346. On account of this present, he was 
considered as a traitor and was obhged to exile himself 

^ Deprived of every right, a mere thing or beast of burden, subject 
to the wiU of the master, the slave could be forced to labor withour 
mercy under tbe‘ pretense of the mercantile plea and the need of 
development of industiialism. The Greelis were sloUful in reducing 
expenditure in behalf of them slaves in extraordmary proportions. 
Under existmg conditions slave labor returned to employers such 
results and profits as they could never secure from free artisans. 
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~ Citizen woilanen could not resist such, a condition, and besides, 
the allui’enient of gain led all Hellenic society to resort more and 
moro to slave labor. 

The municipalities themselves engaged contractors to go abroad 
in seai’ch of cargoes of slaves, paying all the expenses. Xenophon, 
seelong a way to eiuich Athens vnthout the nsks of war, msisted on 
worlong the silver mines, and for that labor proposed to buy 10,000 
slaves, the purchase of which he said would be quicldy compensated 
for by the cheap cost of their labor. 

An estimate has been made, and we know that Xenophon was 
entirely right A free laborer for 360 days’ woik cost 540 drachmas 
($75) A slave whose mamtenance cost 2 or 3 oboles (5 to 8 cents) 
per day would accomplish the same amount of labor for ISO drachmas 
($26). But there remains the purchase price of 300 drachmas. 
The mterest of that amount at 12 per cent, the rate at that period, 
represented 36 di’achmas ($5) a 3 mar. The slave could no doubt 
work 10 years or moro. redeeming his purchase price in five 
years one would be guaranteed against all risks of siclcness for a 
number of even feeble slaves This cost for quick redemption would 
represent only 60 drachmas per year And incorporatmg it m the 
annual revenue from the worlc of a slave, all this, interest on pur- 
chase price included, would be only 276 drachmas. Take the round 
sum of 300 drachmas, and we have the advantage over the cost of a 
free laborer of 240 drachmas ($33.34) the first year This shows that 
one would be reinihursed for the purchase price of a slave the first 
year within 44 francs ($S 50) and entirely so m 16 months. 

Some contractors, ha'vmg need of manual labor for only a time, 
hired slaves at an obole (about cents) per day, mstead of engaging 
free men. Even if they paid the same price as for a free man there 
Was stdl an advantage m employing slaves, because they could 
compel them, to do what they wished Therefore the purchase of 
slaves for hirmg out was a very profitable undertaking Everyone 
then wanted to have slaves A modest artisan able to buy some 
tools for the use of a slave had a worlcshop and became a master in 
a modest way. The workmen at the mmt in Athens wore publio 
slaves It lesulted that at Athens the class that we would call com- 
mon people made their hvmg from the work of slaves. Personal 
wealth, what has since been called capital, was then acquired, as I 
have said, thi‘ough> slave labor, for the first time. The idea of capi- 
tal was not thought of before Aristotle. We Icnow the condition of 
many iudividual fortunes, especially thi’ough the pleadmgs of law- 
yers. We thus learn that a certain Phamippos derived from the sale 
of his wine, barley, and timber the relatively large sum of 3,600 
drachmas ($600). With 1,000 slaves Xiccaa, working the, silver 
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names of Launum, made 100 talents ($115,000), an. enormous return, 
a colossal fortune for that penod 

Minmg concessions were generally much parceled out, and there 
was httle mining done in Greece, some silver at Siphnus, gold at 
Cyprus, at Thaos, on the coast of Thrace, in Asia, in Colchis, in 
Lydia, and copper in Euboea, in Argos, at Sicyon, and especially at 
Cyprus All the miners were slaves. 

In the mheritance of a certam Conon there was a factory with some 
slaves makmg ordmary textile fabrics and a shop with some druggist 
slaves 

The incomes of citizens were thus dependent on the work of slave 
weavers, cutleis, pharmacists, etc There is mentioned a workshop 
with 120 slave forgemen or smiths. 

The shoemakers worked by a certam Timarque yielded him each 
day 2 oboles (about 5 cents) per head, or 120 drachmas ($16 50) per 
year. The father of Demosthenes had a fortune of 14 talents($16,000), 
which was essentially personal property, as follows; Two shops, one 
of 32 cutlers, yielding 30 mmes, or 3,000 drachmas ($420), the other 
of bed makers, yielding 22 mmes, or 2,200 drachmas ($305); quan- 
tities of raw materials, such as ivory, iron, and copper, yielding 150 
mmes, or 15,000 drachmas, a house, 30 mines, or 3,000 drachmas; 
some furniture, 100 mmes, or 8,000 drachmas, a trust of a talent, 
yielding 700 drachmas ($97), a maritime trust of 7,000 drachmas; 
a bank deposit of 2,400 drachmas, and various loans yieldmg 6,000 
drachmas. Besides the above and exclusive of some houses and 
some important unsettled accounts Demosthenes also inherited from 
his father 15,366 francs ($2,965) m income This was at 18 per cent. 

One is a httle surprised at such amounts. And “what surprises more 
is to see such ermnent capitalists with the same versatihty as those 
of our own day and engaged m such varied affairs. Some fortunes 
were composed only of credits Whence it follows that commercial 
credit was extensive and that there were banks for making loans. 

Maritime commercial cnteiqiriaes were, m fact, undertaken on ad- 
vances of fimds by outfitters and silent partneis, advances which, in 
proportion to the risks incurred, gave m every case some assurance 
of veiy great profit. The city of Athens made loans to some ex- 
peditions charged to search its com m Egypt, m Sicily, and the 
Pontus, and slcms, wool, and salt provisions in the Pontua, whither, 
on the other hand, Athena exported on one occasion as many as 
3,000 amphoras of wme 

We find also that the citizens in these profitable operations played 
only a secondary r61e, suice their ideal was to do nothing themselves. 
Their number at once diminished and ui a manner that became, 
important. i ' 
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The cities themselves had never been very populous. Athens 
and Syracuse reached and no doubt exceeded 100,000 inhabitants, 
Corinth, 70,000; Sidon and Tyre, in the fourth century, 40,000; and 
city-states numbering 20,000 citizens were rare Athens had reached 
30,000 citizens at the middle of the fifth century In 309 B. C , less 
than a century and a half later, there were not more than 21,000 
Then the number fell to scarcely 14,000 or 16,000, or only one-half 
that of the prosperous peno'd of the fifth century 

In the territory of Agngentum, in Sicily, Diodorus states that m 
406 B. C. there weie only 20,000 citizens out of 200,000 inhabitants. 
Pray, in view of this weakness, tbis small contingent of real Greeks, 
the only legitimate descendants of the Hellenes, what was the number 
of slaves ? 

As early as the fifth century, according to the most moderate esti- 
mates, the slaves represented two-fiftha of the population of all Greece 
(1,000,000 agamst 1,600,000). In the interior regions, however, where 
there were no manufactures, where commerce scarcely reached, and 
particularly m the poor agricultural legions, they did not need and 
they could not purchase many slaves Omitting these somewhat iso- 
lated places without influence, the number of slaves in Greece much 
exceeded the free men 

At Corcyra, where there were 30,000 free men, they had 40,000 
slaves. According to the census of 309 B. C (Demetrius of Pha- 
lerum), fixing the number of citizens of Athens at 21,000, there were 
then about 400,000 slaves in Attica Aristotle (3S4-322 B. C.) esti- 
mated that a little before tbat time there were 470,000 slaves in 
JSgina, and Timaeus reckoned 460,000 in Corinth, 'Without doubt 
in these exaggerated figures should he included m4teques, the for- 
eigner already mentioned by Solon and by Pericles. 

Among the merchants and artisans there were 42 or 50 m6t&ques 
to 3 or 4 citizens. These figures mdicate in everj’ respect a serious 
condition. At the battle of Sybota, Cormth took 1,050 prisoners, 
among whom there were only 250 free men, almost a fourth. Here 
13 an accurate figure, and much more indicative, that the profession 
of arms was most honorable in prmciple and was reserved for free 
men by reason of its veiy object. Other estimates have been made, 
but they a' e not as rehable as those furnished by the Greeks them- 
selves. Their results reveal, as well durmg the fifth century, when 
civilization blazed at its height, as also during the century of Aristotle 
(384^-322) and of Alexander the Great (356-323), a strange condition 
of affairs which would explam the egotism of the patriotic efforts of 
Demosthenes (385-322), who was himself, moreover, a very rich 
partisan of slaves. At this same epoch of Alexander the Great (the 
second half of the fourth century) the number of citizens in Attiok 
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represented only twp-fiftlis of its rahabitants, wliile m the fifth cen- 
tury, as we have said, they were more than three-fifths The citizens 
were aheady overwhelmed in the midst of a mixed population, m 
great majority foreign-born. If any great effort for liberty had been 
made, it would have been of a weak and enfeebled character in that 
mdifferent mass But it need not have been great, for the citizens 
could not oppose it m pemon, weakened as they were thioiigh the 
love of idle pleasures, taught to do almost nothing by the masters of 
then* consciences, the philosophers. 

The decrees of the emancipation and burial inscriptions give a 
good record of the enormous proportion of foreigners among the 
slaves Among these decrees there are a few Greek slaves, only 
24 out of a list of 124 These, moreover, were Greeks whom, for many 
reasons, the masters wished to make free the first (Gumaud, p 104 ) 

On that list of 124 manumissions there were 22 Syi'ians, 21 Thra- 
ciaps, 8 Galatians, 6 Italians, 4 Armemans, 4 Sarmatians, 4 Illynans, 
3 Cappadocians, 2 Phrygians, 2 Lydians, 2 Mysiarus, 2 Pontians, 2 
Phemcians, 2 Jews, 2 Egyptians, 2 Arabs, 1 Paphlagoman, 1 Bithry- 
lan, 1 Cyprian, and 1 Bastarman Just one Bastarman’ coming from 
eastern Carpathus It is difficult to imagme a mixture more vane- 
gated, with individuals of all Provinces 

Ethiopia, like Illyna and Italy, furnished slaves to Greece Among 
these there wero many Thracians, Lydians, Phrygnans, Canans, 
Syrians, some Scythians, Getfe, and Colchians 

An Attic inscription of 415 B. C gives us a fair idea of the mnmnum 
pnee at which they acquired all these barbanans, even m the fifth 
century A Canan was sold for 115 drachmas (®15), a Syrian, 301 
drachmas ($42) , three Thracian women from 135 to 222 drachmas 
($18 75 to $31) You could buy a slave, under age, for less than that, 
153 or 180 drachmas ($21 to $29) A slave that knew a trade sold at 
a much higher price, an ordmary currier bemg valued at 10 mines or 
from $135 to $165. 

All these peoples of such diverse origin became mcorporated into 
the nation through emancipation The masters had every interest 
in encouragmg the slave to seek his freedom, this was a stimulant 
The employer who rented a slave made himseK a participant m tlie 
earnings to his own great profit. AH money given to the slave pro- 
duced to the master double the amount When by labor and econ- 
ojny the slave saved a sum of money, the master Would regard with 
* doubP the formation of that small savmg, for it was to 

l.i'". ’'i ! I ,■ .ii , Would some day return. After havmg already 
pi<ii'. '■’ ( .1 ' I . ' account from a regular and productive employ- 

ment, he would shatter to '' his profit the money box of the slave in 
selling him Ins freedom " (Prancotte, II, p 74.) 
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We know somewhat concerning redemption prices Out of 227 
redemptions, for 162 the price ranged between 300 and 600 drachmas 
(S41 to $69); 5 reached 1,000 drachmas ($139); 2 were 1,300, 1 was 
1,800; 2 were 2,000 drachmas ($278); 312 ransoms for women cost 
from 300 to 600 drachmas These prices are much higher than the 
cost of original purchase 

This pocnniary profit was not the only one, for the master also im- 
posed life service m return for freedom, the surrender of one or more 
of his children, or he was even required to learn a trade to carry on 
for his former master’s account Wlien the master freed a man to 
practice a profession, the former had the advantage m not bemg liable 
for the engagements of his freedom who might himself lose m the ruin 
of, others, withont detriment to the mterests of his former master, 
When the savings of a slave were not great enough, the master could 
sell him under the condition that he should be free, but would serve 
his new master during his life 

This was not always had for the freedman to whom liberty was 
thus guaranteed Some masters would give up their slaves to a god, 
in order that this god might become surety for the exercise of his 
freedom 

The manumissions gathered at Delphi lead to the belief that the 
•women (473 agamst 277 men) benefited much oftener by the generos- 
ity- of their masteis. This is certain evidence, which we might pass 
by, that many slaves were raised to the rank of concubines nr even 
wives. The slave women, especially, were only things m the hands 
of their masters. 

We find some manumissions of sons and daughters of slaves, clul- 
dren, where their masters, m freeing them, became theu legal guardian. 
(Guiraud, p 108 ) They show clearly by this that the clhldren were 
related to them Thera were some who adopted the children, of their 
slaves. These were natural children. Regularly then, through the 
ordinary act of manumission, and irregularly, also, through those 
relations which wore not acknowledged, like those between slaves and 
Greek women, all the surrounding barbarian nations mingled their 
blood with the blood of the Grecian people. There were some cases 
where slaves attained to the rank of citizens. A slave informer might 
become a citizen. And some cities, after certain depredations, were 
restocked with men and reestablished then.' finances by conferring 
citizenship on all the slaves on agreement to pay a certain sum. And 
this point of view, especially the regular incorporation of foreigners 
in the nation, is a condition of the slaves that I can not pass by, 
thoughit is scai’cely proper to speak of it, except with discretion. 

The Greeks bought slaves for domestic service (the richest had fdr 
4heir lesser needs, up to 60), for woi'k in the mines, in building opera^ 
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tions, and in ■Workshops, where they practiced ail trades, to hire out 
for land owners, fanners, and contractors, and they also purchased 
them m order to deliver them into prostitution It is known that the 
State itself established houses of ill fame partly to chock certain vices. 
Solon had charge of these institutions and they were administered 
at the expense of the State All the women in these houses were 
alien-purchased slaves The Grecian woman who thiough repeated 
downfalls entered thoso places thereby renonnced every social and 
family tie, All these women were in fact given up to public serv- 
ice. They could not leave the district without permission of the 
archons and by giving guarantees for their return Their houses 
increased to such a degree ui the streets of Pireo that, so to speak, 
they were at every step. The patrons paid only a very moderate 
uniform price, at the lowest, 1 obole Debtors were there sheltered 
fiom their creditors, and a father had no right to go theio to surprise 
his son People of all classes visited these houses They furnished, 
to the State a considerable revenue for the protection afforded them. 
This was kno-wn to speculators, who profited thereby 

One of these public women of the lowest rank was the mistress of 
the Kmg of Egypt, Ptolomy Philadolphus Although they might be 
cantoned in dwollmgs classed as public establishments, and though 
it was forbidden them to pass a single mght m the city proper, yet 
they were m contact "with everyone and had a chance each day of 
makmg a profitable friendslnp The class of independent prosti- 
tutes, above them, was fed from their ranks, for it was made up 
chiefly of those who had been emancipated Theie were some 
Greeks among them, hut those who fiequented the streets of Piree 
were neaily all aliens Evidently the greater number of these women 
remained at that level and iiracticed their calling to the end in these 
particularly degrading conditions It is, howerer, certam that the 
prettier ones and those most favored weie raised in time to the demi- 
monde and that the courtesans weie foimer mdependent prostitutes 
who had become the fashion 

The temjile of Cormth drew a large revenue fiom these courtesans, 
priestesses of Venus, who were established there, and these were 
everywhere very highly favored and mmgled with all classes 

The couitesans counted in their ranlcs some very intelligent women, 
some of whom were celebrated and are so still, for they had been lis- 
toning counseloi’s, influencera of powerful statesmen One historian, 
Aristophanes of Byzance, estmiated that there were 135 of these cour- 
le'siins al)o>c sayings and achievements are worthy of posterity, 

While Grecian wives stayed at home, absorbed m their household 
and motherly duties, some of these public courtesans participated in 
‘ outside affairs, takmg part even m religious ceremonies, were veised 
in literature and philosophy, and -were not strangers to aftaii’s of 



"'BOS ANNUAL EEPOET SMITHSONIAN INSTITUTION, 1013, 

State. Theie were some, it lias been said, wlio, slalled in the art of 
pleasing, held the salon of the Greeks 

The gieatest statesman of Athens, Pericles (died in 429), who 
belongs to the fifth centniy, left his legal wife for one of these famous 
women, Aspasia, and this woman, with whom Socrates associated, 
to the loiowledgo and in sight of all Greece, had an influence so great 
in the afl’aiis of State and was so highly educated that to her was 
attributed the composition of many of the orations of Pericles She 
was a Milesian woman, of which ancient countiy she had been a 
princess She bore a son to Pericles This son, of the same name 
as himself, received the rights of a legitimate child on the demand 
of his father, and, notwithstandmg the presciiptions of the law, 
became a recognized citizen of Athens Such examples in such 
high places and so well know everywhcio assuredly found many 
imitators 

In correlation with these economic conditions and these customs, 
the morale of the family was lowered and its number decreased. 
Voluntoiy restriction and lack of enthusiasm prevailed The Greeks, 
enriched by slave labor, pm’cliasing men and women abioad, re- 
noimced the raising of children 

In these events, so old, and the ciicumstancr- '.”1' r -r ’---‘r'' 
and followed them, one could readily find a st ■ ' -i < ■ 
paiison with social phenomena of our day Useful to know, these 
facts are always beneficial to recall. 



OEIGIN AND EVOLUTION OF THE BLOND EUROPEANS. 


By Dr Adolphe Bloch 


In contmuiilion of my leaeaxckes on the filiation of the human races, 
iliero IS liere presented a discussion of the origin and eTolution of the 
blond Europeans, winch include (1) the first blond races, known in 
history as Celto-Gallic-Qalatians, Cimbnana, Germans, etc; (2) the 
blond Finns and blond Lapps, (3) the blonds sporadicahy met with 
in all parts of Europe 

THE ARYAN HYPOTHESIS 

As the first blonds are regarded by certain authors as the genuine 
Aryans, we have to consider the origin of the Aryans, although the 
term is of little importance in designating these blonds, for what we 
wish, to Icnow most is what tie bmds the different races among them- 
selves, and what is the physiologic process through whicli they are 
derived one from the other. 

The Aryan hypothesis, according to which the first ancestors of the 
Indo-Aryans, Persians, Gieoks, Romans, Celts, etc , came from one 
and the same pouit m central Asia, now has no adiierents, but in 
accord with the works of Pcesch© (1878), Penka (1893), Schrader 
(1883), Wilser (1899), Kossinna (1902), andMichehs (1903) the theory 
of European origm has been generally adopted. We recall that as 
early as 1839 and succeeding 3 mars the Belgian geologist and anthro- 
pologist, d’Omalius d’Halloy, opposed the Asiatic theory of the Euro- 
pean blonds (Notes k I’Acad^mie de Belgique) and that it was the 
subject of two communications to our society in 1864 and 1865, 
Likewise the English philologist, Latham, was opposed to the Asiatic 
origin of the blonds, for he placed their cradle in what is now a sub- 
merged plam in Scandmavia (Elements de philoiogie compar4e, 
London, 1861) 

As one of the early advocates of European origin there must also 
be mentioned the German Cuno, who maintained that the primitive 
j^^yans, instead of being a small clan, constituted a numerous people 

1 Translated, ay permissloii, Irom Oilglno et Evolution dos Blonds Eufopdcns Par M le Dr Adolplje 
BloCh BuUotins et M&noirea da la Sooldt^ d’Anthlppologio de Paris, 6tli Bor , vol. 2, Nob 1 [vnd 2 
Paris, 1011, pp. 56-79 
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spread over a vast teiiitory, tlie great plain of northern Europe, 
extending over northern Germany and the north of Fiance, between 
the Ural Mountams and the Atlantic Ocean ^ 

Finally, we must not forget here to lecall the name of Madame 01. 
Royer, who likewise asserted, m 1872, that the blond Europeans did 
not come fiom Asia. (0ongr6s d’Anthi’opologie et d’Archdologie 
pr^historique do Bruxelles, 1872, and various commumcations to the 
Socifitd d’ Anthropologic ) 

Most of the wi iters since Ouuo have assigned a very limited terri- 
tory for the origmof the Aryans Thus Poescho, who relies exclusively 
on the mfluence of envnonment to account for the light color of the 
fii’st blond Europeans, places their cradle “in the heart of European 
Russia, in the marshy distncts of Rokitno, washed by the Pnpet, the 
Berezina, and the Dnieper Rivera, wheie nature is tinted with 
albimsm, where the people are blond, ivhere the animals are robed m 
white, where the leaves and the baik of the trees are faded, where 
reigns that terrible disease of the hair, Polish plica ” * 

But although chmatic conditions may modify the organism, yet it 
can not be admitted that the blonds are a species of albinos, with 
whom Pcesrhe seems to compare them , on the contraiy, albmism is an 
anomaly which is not at all due to the mfluence of the clmiato 

Schiader assumes south Russia as the cradle of the Aiyans, Penka 
and Wilser say it was Scondmavia, Kosshina claims that it is the 
Western indosure of the Baltic, Scandmavia m the south, Denmark 
and Germany in the northeast, as far as megahths or ceramics are 
found, while for Michelis it is a region inclosed between the Danube 
on the southwest, the Carpathian Mountains on the north, and the 
Dnieper on the east But all these territories thus outlmed, aside 
from those of Cuno and Kossmna, are much too small For it must 
have requiicd an immense teiritory to brmg forth the numerous 
blond peoples which followed one upon the othei in Europe, in pre- 
historic as well as in historic tunes On the other hand, none of 
these mvestigators inchcate the stem from which the blond Euro- 
peans spiung, and it is just that subject which we propose here to 
investigate on the exclusive basis of anthiopology 

THE BLONPS IN HISTORY 

The first blonds of histor3’' are the Celts, and the first historian to 
use the name EsXzoc (Keltos) was Herodotus, about 440 B C ; 
though the word Celtic, KsXrttcrj (Keltike), for designating the 
country, was ahead}^ employed by Hecateus (of Milet), about 500 
B C 
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Herodotus does not mention the physical appearance of the Celts, 
but he describes a people, in the north of the Black Sea and beyond 
it in Scythia, who painted themselves red and green, which he calls 
Budim and which he distmgmshes from the Scythian laborers and 
others “They were,” he says, “a large and numerous people.” 
(TV, 21 and 108 ) This proves that there then existed m Russia a 
really red or blond race But who were these reds'* It could not 
have been the Celts, for they dwelt farther west; nor were they the 
Fmns, but they weie an autochthonous (mdigenous) race of Russia 
as we lonow from the skulls foimd ui the same region 

The name Celt is also employed by Aristotle (384-322 B C.), 
who knew that there weie Celts m Spam, that Celts had captured 
Rome, etc , but he also makes the important statement that the ass 
did not exist in Scythia nor m the Celtic land because that animal 
could not well withstand the cold (Hist Amm. , Book VIII, Chapter 
XXIII § 7) 

There is no doubt that the question here concerns the prirmtive 
Celtic country, which adjoined Scythia, at the period when the Celts, 
possessors of amber, weie a river-shoie people of the Baltic. 

Moreovei, all the peoples of the north, says Strabo (VT, 2), were m- 
cluded by the ancient Greek historians under the name of Celts or 
Celto-Scythians But the oldest name which the Greeks gave the 
Celts was that of Hyperboreans. It is thus seen that by the nanle 
Celts were meant people of the north, and consequently they could 
not have been an aborigmal race of Gaul, as even some modern writers 
still assume 

But where did the Hyperboreans live? “I have no hesitation,” 
says Prof Julhan, “m lecognizmgm the Hyperboreans of Herodotus 
(IVj 33) the Esths, the Aesti of Samland (Gulf of Danzag), the country 
of amber (Tacitus, Geimania, 45), and in these last the remnants of a 
pre-Gcrmanio agricultural and tiading people”^ 

Let us add, moreover, that though the north of Europe was mac- 
cessible to the ancients because of the immense expanse of the 
Rhipaian and Hercyman Mountains, it was nevertheless explored 
by sea m the fourth century B. C , by Pytheas who skirted Europe 
from Gades to the mouth of the Elbe and perhaps even as far as the 
Tanais (Don) It was there that he fixed the division of the Celtic 
land from Scythia. 

The Celts were called Galatians by the Greeks, whereas the Romans 
named them Gauls (Galh) upon them arrival m the valley of the Po 
in the sixth century B C 

The three names, Colts, Galatians, and Gauls, are, then, synony- 
mous, pertaimng to one and the same race, whose characteristics, 


ijiiUlan Hntolra d 0 la Gaule Tlixeo Tolumes, Paris, 1609 Tlie prlniltivelilatory of flie Celts should 
bo road Ja this romarkable -worli: Bee also on this subject a letter of the outhor to the Revue de 1‘Eoojfl 
d' Anthfopologie, 1893. 
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repeated innumerable timoa by Greek and Latm antbors, are high 
stature, wlnte Bkm, blue eyes, and red or blond hair (the difference 
between tbe red or blond color of tbe bair is of sbght impoitance) 
So also Ciesai, comparing tbe stature of tbe Gauls with that of tbe 
Romans, sa3’'s that tbe former were larger, the latter small ’ 

Subsequently, history mentions other blond or russet races such as 
the Cimbnans, tbo Teutons, Germans, Goths, Franks, Burgundians, 
Normans, but they all were of tbe same stock as tbe Celts and came 
from tbe same regions 

But it IS not only tbe Greek and Latm authors who mention peoples 
with red oi blond hair m Europe, for Byzantine historians, and 
writers at the beginning of tbo Middle Ages, and even Arabian authors 
lilicwise speak of them Tbe latter especially, as also Byzantme 
wiitem, have described tbo external characteristics of tbe primitive 
Russians, whose name means red, as we have shown m a communica- 
tion to tbe Congress of Prehistoric Anthropology and Archeology at 
Monaco m 1906 

THE PLACE OF OEIGIN OF THE BLOND EHEOPEANS 

Where was the exact primitive domam of tbe Celts* According 
to a tracbtion current among the Gauls, and of which the Druids 
speak, part of that people camo from distant lands and islands whence 
they had been driven by wars and an mundation of the ocean 

The fimt habitation of the Celts, and consequently of all the blonds, 
may be placed m north and central Germany, m Holland, m upper 
and lower Austria, m Bohemia, m Scandmavia, in the Danish islands 
and peninsulas, and in central Russia, as will be shown by an exami- 
nation of prehistoric skulls. 

What was the climate of all these centers ? This is an important 
question from the viewpoint of influence of envu’onment. We know 
from Aristotle that the countries of tbe Celts and Scythians wore cold, 
but Tacitus (first to second century A D ) gives still fuither details 
of tbe Celtic land in bis description of the sea, tbe land, and tbe 
climate of the country of the Germans, who inhabited the same 
locabties as their ancestors, tbe Celt He says 

On the other side 13 the endless ocean which, as it weie, forbids all navigation 
Even now it is raiely visited by vessels from our paits TOiat mortal, even if be 
braved the perils of a wild, unknown sea, would leave Asia, or Africa, or Italy to go 
to Germany which offers only a dieary country, a ngoious climate, where evei-y aspect 
of livmg IS savage, unless it be one’s fatherland * * it Tiie country, though fre- 
quently varying m aspect, is in general covered with, gloomy foreete or swamps. 
Winter is long with them [the Germans] 

Tacitus further says . 

I believe that the Germans ora indigenous and have not mingled with new arrmla 
or immigrants from other peoples * * I ]oin m the opinion of those who think 
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that the peoples of Germany have not at all been altered by intermarriage -with other 
peoples, and that this nation is mtact, pme, like itself alone Hence the resemblance 
of individuals one to another, although great m numbei All have fierce blue eyes, 
reddish hair, large stature, fit for the first oniuph, but not for continuous laboi and 
toil, least of all can they stand heat and thimt, but undei the influence of their climate 
and soil they have learned well how to bear cold and hunger ' 

Julius Csesar likewise relates that the country of the (Germans) 
Sueves was very cold, but that notwithstandmg that they woie 
accustomed to clothe themselves with only a short skm which left 
part of the bodv baio ® 

It is also to be added that tidal waves often ravaged the land of 
the Celts Thus Epborus (363-300 B C ) relates that the Celts, m 
order to inure themselves to fearlessness, legarded tranquilly the 
destruction of their habitations by the sea, contentedly rebuildmg 
them again, and that mundations have always claimed more victims 
among them than war (IV, 44) 

The Cunbrians, another blond people, were, according to Plorus, 
driven out from then’ country by an overflow of the Baltic® about 
114 B C But Strabo, who thought only of the regular ebb and flow 
of the ocean, does not behevo m such floods, expressly rejectmg them. 
Then recurrence, however, has been witnessed in the Middle Ages 
and ui modern tunes Thus the inundation of 1277, which gave 
birth to Dollart at the mouth of the Ems, is said to have destroyed 
43 parishes and to have cost 80,000 lives m Friesland; so again, the 
gi’eat "Mandrankel” (drownmg) of September 8, 1362, annihilated 30 
parishes and earned away large portions of the islands of Sylt and 
Fohr (Schleswig) The great mundation of Chi'istmas, 1717, sub- 
merged, accordmg to the testimony of Arends and d’Eilker, 10,828 
persons and 90,000 head of cattle.* 

ORIGIN OF THE RAGE 

All the blond Europeans were, then, natives of Europe itaeK, and 
did not come from Central Asia There were, to be sure, both before 
and after the beginning of the Christian era, some blond groups in 
Asia and m what is called Ou Sun, Ting Lmg, Kiankuen, but that 
was m the north of Chma, accordmg to Chinese annals ® Besides, 
these blonds spoke Turkish and they disappeared by being absorbed 
in the mass of the yellow Asiatics. 

As predecessors and ancestors of the blond stock in Europe there is 
therefore none other to be considered than the Quaternary race of 
Neanderthal. It is true that the anthropological characteristics of 

1 Tacitus. Germania 

2 CiesBT QatUo War. 

* riorus To'lor ^ '■n. >i oiiui’o-ir, 

* SueSS Ore A tl'rrd J .'.e ■' il' Prag, 1883-18B8 

* Klaproth. Tableaux hlstorlquea dal’Asle depuislamonarchladoCyrusJusqu’anos Jours Paps, J826. 
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tins Quaternary lace clifiers from the Neohthic race which succeeded 
it, hut the Neohthic dohchocephals of the north of Emupe frequently 
present atavistic characteristics which recall their neanderthaloid 
origin, as will be seen below. 

It has been obseivcd that coitain animals underwent modifications 
during the Quaternary epoch through the influence of temperature, 
showing theinselres now as cold and then as waim fauna. Why 
should not particulai modifications of the organism have taken place 
in the human species also under the influence of climate? Wiij 
should not one Wond variety have become so by the cold, and another 
brown have become such by a more clement temperature® What, 
then, was the physiological process m virtue of which the primitive 
blond races acquued tbeir characteristics? 

I think that under the influence of the cold climate of the epoch the 
production of cutaneous and capillary pigment m the human organ- 
ism was so weak that the akin bleached, and the hair and beard became 
lighter so as to assume the coloring of red or blond, for the different 
colormgs of the capiUaiy system depend on the greater oi less quan- 
tity of pigment resident therem Hence it yesults that the iris also is 
less pigmented and consequently of a bright coloi. 

But when an anthropological characteristic becomes modified, other 
characteiTstics vary simultaneously by virtue of the phenomenon of 
correlative variation. Thus the skeleton underwent certain modifi- 
cations as legards its height and other dimensions, but besides the 
influence of the. climate upon the organism, account should also be 
taken of the mannei of life of the Germans (and doubtless also of their 
ancestors), and the care they took to stimulate growth m the entire , 
race. 

Thus their whole life was passed in the chase and the exercises of 
war. They hardened themselves from infancy by work and fatigue. 
It was a kmd of sport very conducive to bodily development 

They lived chiefly on milk, cheese, and meat, for they devoted 
themselves but bttle to agiuculture, and, in fact, of vegetation they 
had only wfld fnnt to consume. 

Each mother nursed her child herself, never intrusting it to a 
servant or nurse, and it was allowed to grow up entuely naked The 
Germans paid much attention to the period of puberty of the young 
people, and Julius Cassar said that it was considered a disgiace with 
them to have Icnown a woman before the age of 20 They favored a 
retarded puberty m the conviction that this was conducive to a robust 
body and strong nerves. Tacitus adds tbat they were no more hasty 
m marrying off their daughters, so that the Nvnves, being the men’s 
equal in size, health, and vigor, transmitted their strength to their 
offsprmg. Fmally, the Germans frequently took warm baths in 
winter and cold ones in summer, in the rivers. It seems that they 
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plunged then- new-born infants mto cold water, a custom that wrung 
an outcry from Galen, tbe celebrated Greek physician of that tune. 
Heio 18 what he says on the subject: 

WTiick of iia could stand the sight of a small infmt, sear( ely bom, slill all -warm, 
carried to the river and plunged info the water as a piece of hoi iron, and this, as the 
Germans say, in older to put its nature to the test and at the same time to stiengthen 
its body? * 'f- * Foi whether li stands the test wilhout becoming Hick, whether it 
shows that it can keep its inborn strength and acquue additional Mgor fiom this con- 
tact with cold water, is something which eveiyonc can know, but whelhei, on the 
contraiy, if its natmal warmth is overcome by the external cold, it must necessaiily 
die, IS Bomethmg which no one knows ilTiat man in his senses and who is not a veii- 
table savage, a Scythian, would want to submit his infant to such a test, where failure 
means death, and tins without deriving any great advantage from the lest? ' 

Aside from tbe last-mentioned practice, which the Germans con- 
sidered as probably efidcacious, it can bo seen fiom the precedmg that 
they attached great importance to the physical cultuio of mfancy and 
youth; but aside from their tall stature the Germans and their prede- 
cessors were also coipulent, foi Galen writes on this subject 
It is said that m cold countries man becomea stout, and as examples are quoted the 
Celts, the Thracians, the Bythinians, the peoples of the Pontus and the Galatians 
AH these peoples inhabit a cold coi.ntry, and aie generally stout ^ 

G quote this remark of Galen without insistmg on it.) 

It may be objected, as regards the color, that the Fmns and Lapps 
reside m still more northern regions and yet remain biown But to 
this it may be answered that there are blond oi led Finns, and it can 
not be said that mixture is the cause of then hght celor There are 
even entire tribes of Finns which consist of blonds only. Thus the 
Mordevs of European Russia are divided into two separate tubes, of 
wbicb one, tbe Erses, mcludes only individuals ivith blond hair, gray 
eyes, and light color. The other tube, the Mokshes, on the contrary, 
consists of two varieties of individuals, of which those that are biown 
with dark eyes and tawny skin aie equal if not superior to those who 
are blond ® 

Among the Finns of Asia there are blonds or reds in a large or smaE 
number, according to the locahty I shoufd state here, anent the red 
or blond Fmns, that I make no distinction from the point of view of 
anthropology between blond people and people with red ban In 
fact, the blond races begin by havmg the hair rod before it becomes 
blond, just as they may have eyes that aie gieen before they are 
blue or gray, but before tbis transformation is completed in the 
entire race there may yet be individuals with red bair and green eyes 
in tbe midst of others who are more advanced in this evolution and 
who have blond ham with blue or giay eyes. This is a phenomenon 

’ I Gallea (C! ) Opsra omnia Greet anti Latin edition of Kilim Vol 8, pp fil-E2 (Eitrait dca 
auteurs grecs ooncernant la gdograplile et I’hlstolre des Qaules Paris, 1S7S-1892 Vol 6, pp 43-45 J 
“ Op cit 

' Smirnov Lfts populations llunoises de la Volga et de la Kama Trad da nisae Paris, 1898. 
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wHdi can be still obsei ved among the Fiims, who ai’e generally rather 
red than blond 

The Germans descnbed by ancient anthoi’s had red hair, while the 
hair of the Gauls was lather blond, and notwthstanding this the 
latter, as is well laiown, tinged tlioir hau* with a lotion of lime 

Since, then, there existed in Eui’ope both rod and blond Finns, it 
maybe concluded that the blonds of histoiy, the Celto-Gauls, the 
Cimbrians, the Geimans, etc , were the descendants of these European 
Finns, the more so because certain plulologists maintain that the 
Aryan languages ai’e offshoots of a branch of the Fimio-Ugnan 
languages Thus lioeppe, as the result of n comparative study of 
these different languages, came to the conclusion that there was an 
original relationship between tlio Aryans and the Finns, and even ap- 
phed to that original stock the name of Ano-Finen Ho tliinks that 
these two races lived together in the nortli of Euiopo diinng a very 
long peiiod, and that they even emigrated together at a very distant 
time ^ 

But as our views are based exclusively on anthropology, we must 
turn our attention to the slcoletons which have been found in the 
regions occupied by the old blond Euro]ican laces, and which we will 
study in older lo leain wliether these skeletons, and particularly the 
skulls, may not give us better informatum on the origin of the primi- 
tive blonds. 

THE SKULLS OF THE PREHISTORIC BLONDS 

a 

WlienTacitus said that the Gormans were indigenous (autochthons) 
he was not wrong, for the skulls of the neolithic period winch have 
been found in northern and central Germany aie, in great part, 
dolichocophnltc and present, moreover, a correspondence to those of 
the leihongraber (tombs in rows) of southern Gexmany, which 
are considered as having belonged to the blond Geimans 

But it is not only in Germany that these neohliuc dolichocephalic 
skulls ivith Germanic type have boon found, but also in Holland, 
Henmaik, Sweden, Noiway, m upper and lower Austria, and as 
fai as the kuigans (tumuli) of central Russia. We shall therefore 
survey all these regions in order to recover there our neohthic 
dohchoceplials, and at the same time to ascertain the evolution 
which they have undergone in the transition to the braohycephalic 
tyjie. By tins it will be seen how necessary is the measunng of skulls 
and of the skeleton, in general, in an investigation of the origin of the 
human races 

But how is the cranial type of the blond Germans constituted? 
It is well known that there were brown dolichocephals in middle 


■ Koeppe ConttibutionL la qoestlon du Ueii d’origine et de la parent des r. ci i >i i^iTPi t cl fljahv 
pngnaioiES St Petersburg, ISSO. (In Rusalaa ) BeTlew by Bteldaln Aroli .a- ..r 'iv , \c' jI) 
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Europe, and it is therefore necessary to distinguish between the two 
types. 

Here are the principal characteristics of the Germanic skull, accoid- 
ing to Von Holdei 

Seen from above, the skull pieseiits au elongated shape, blunted, bexagonal, some- 
times oval The coioual suture is elliptic and extends toward the back The 
maximum width of the vault is more noticeable forwaid than unth brachycephals 
The occiput has a pyiumidal form, atiaight (or naiTow), blunted Seen from behind, 
the upper crave has the appearance of a loof , the sides are but slightly swelled out and 
fall nearly straight, the base has nearly the same width as the distance between the 
lateial walls The height ot the skull exceeds or equals its bieadth Seen from the 
profile, the head is modeiately prognathic, often oithognathic The face piesenta a 
high and uaiiow (oi straight) fioiit and viaage, the snpercihaiy vaults are much 
developed, especially m men, the eye sockets (t)rbits) aie of medium size, with nearly 
horizontal upper rims The nose is straight, with a moderately cuivcd ridge The 
formation of the avolanes is straight and high The cranial capacity is considerably 
larger tlian that of the biachycephals by leason of the much larger diametei of both 
width and height ^ 

But besides the cianial characteristics, certain pecuharities of 
other parts of the skeleton should also not be neglected Thus there 
are often noticed platycnemic tibiae in the neohthic dolicliocephals 
of Germany; then the tall stature which was already noticed by the 
ancient winters in the blonds of their times 

It IS needless to add that the German dolichocephals do not always 
show a full ensemble of the characteristics just enumerated , thus there 
is sometimes what is called a disharmony between the cramal vault 
and the face m so far as the skull is dohchocephahc while the face is 
short and round, for there aie sometimes tiansitonal characteristics 
from the dohchocephahc type to the brachycephahe type. There 
aie even met with m the excavations complete brachycephals scat- 
tered among the dolichocephals, but they aie nothmg less than the 
result of the transformation of the latter under the mfluence of 
evolution, so that the problem of these brachycephals is thus in our 
opinion solved. They are all German skulls, but such as have lost 
therr oiigmal dohchocephahc type without the mteimediary of any 
admixture 

PEEHISTOEIO SKULLS OF GEEMANY 

Rhemsh Iless^a — In examining the finds of the latest excavations, 
those, for instance, which have been made near Worms (Rheinge- 
wann, in Rhemsh Hessia) by Dr. Koehl, where he fdund skulls of the 
neohthic period, of five skulls which could be measured, four were 
dolichpeephahe and one mesaticephahe The faces of these skulls 
were in a had state of preservation, still it could be assumed as certain 
that these neohthics had long and narrow faces, high sockets (orbjts) 

i H vm HaMer U’i+»rsucliimgon fiber die Stelettfunde In den vorroemlschen Hfigejgraebera, Wulv 
leuijeit' St Irji OR In Revue <le I’hoole d’Autliropolcigle, 1895, by Hovelacque 
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and projecting and narrow noses Vu'chow, who had studied these 
skulls, thought that this neolithic race of Woims was Aryan, or at 
least of the stock from winch the Aiyans issued. Besides the skulls 
there was also a laigo number of platycneimc tibite, whole or 
bioken On six skeletons the platycnemy could be measuied, and 
Herr Vnehow earned out the measuiiug according to the French 
method . 

Herr Kohl opened m the presence of Vnehow some graves of the 
Koman period and took fioni them four skeletons whose skulls were 
diagnosed as mesaticophalic, only one was on the border line of 
dolichocephaly ^ Here, then, cranial evolution was more advanced. 
At Khemgewann, at Flomborn, and at Rheinduiidieim, m the same 
vicinity of Worms, there were found skulls of the end of the Bronze 
Age which were mcsaticephalic or dohchocephaho (especially those 
of Flomborn), while at Adleisberg, still in the same region, the skulls 
of the early Bronze Age were brachycephahe, that is, evoluted 

Bartels was able to make a more complete comparative study of 
these places, foi he had at his disposal a senes of 50 skulls ^ 

However, the evolution vaiied accoidmg to the locahty Thus m 
15 skulls (6 of men, 9 of women) found at Alsheun (Rhenish Hessia), 
the middle index was 73 5, the maximum SO 3, and the mini- 
mum 69 S * 

Baden — Accordmg to Ammon, who made a special study of the 
anthropology of Baden, the cephalic index of the population smee 
early German times has been generally approaching brachycephaly. 
Thus in the reihengrhber dohchocephahc slniUs are found m the pro- 
portion of 69 2 per cent with an index of 80, while in the piosent 
inhabitants the proportion is only 15 per cent. On the other hand 
the brachycephals, with an mdex of 85 and above, constituted only 
9 4 per cent among the old Germans, while among the present they 
are represented by 33 5 per cent 

Ammon asciibed the cause of this change of the indices to some sort 
of natural selection which is noticeable everywhere, in the army, 
among professional men, among merchants, and in the laboring world. 
Accoiding to this theory natural selection chfferentiates and separates 
the different classes one from another and effects subdivisions within 
the classes, particularly in the class of working people, whose eco- 
nomic and social rise, he says, is made possible only by selection, 
survival of the best * 

» VlreUow Etoattnvmg prUhlatotlaaliot und rdmisolier Gitber In Worms Zeltachr'ft IQr Etlmolucii' 
180T. “ ' 

> Bartels UlJerSchitdslderStoinisoltuuddatlraiiaaBronzsjcItausdernaigegendMi.V 
ZeltsoU t JSthijologle.UW. 

s Vlreiiow Rotoonpaberrclde bel Alsliolm Zoltsoh. f Etbnologle, 1877 

VAmmoa, DleaatUriichaAuslesebolmllenscben Jeaa.isas SeaalaoZurAnthiopQtQgtadsrBadeDw 
by tbe Bams, Jem, 1^D9 ’■ 
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Bavariit. — Of Bavaria we may record the same phenomenon 
observed, namely, the transformation fiom dolichocepholy to brachy- 
cephaly Thus the piopoition of brachyceplials in skulls of the 
reibengrabei is 14 per cent; m those of the tenth to twelfth centuries 
(found at Lmdau), 33 per cent, while m those of the present popula- 
tion of southern Bavaria it is 83 per cent ^ It even did not requno an 
unmeasurable time to produce this enoinious change, for we know 
how many centuries passed smee the close of the tenth centuiy during 
which dolichocephaly has deci eased, while biachycephaly has ui- 
creased 

'W'drUeinberg — The antecedence of the dohchocephals la here noted, 
as m Baden, Bavaria, and Rhenish Hossia Thus, m the flat graves 
(without tumulus covermg) of the neoliLluc period, winch were dis- 
covered m 1887, near the Seclbeig, three skulls were found having an 
index of 72 4 to 77 8, exhibitmg the complete Goiman type of the 
Merovnigian period (fiom end of fifth to middle of eighth eentwy 
A D) 

The Hallstatt hugelgiaber (hdl graves, beginiimg of the Iron 
Age), of Wurttemberg, have furnished 87 skulls which are formed as 
follows’ 76 more or less elongated, with an mdex vary mg from 60 
to 79 2, constitutmg 86 2 per cent, while the short skulls, with aii 
mdex between 80 1 and 89 8, numbered only 12, or 13.8 per cent. 

As legarcls then type. Von Holdei, who has studied them, concisely 
defined it as follows 

The dohchocephals and mesaticeiihals, which exhibit all the essential chaiacteiiB- 
ticB of the Geinian tjqie, are of the same kind as the German reihengrkber of Wviit- 
tembeig (fourth to eighth centuiies) Theie la no doubt, leinaiks M Herv4, that 
Suabia, the country between the Rhine and the Danube, was, dining tho Hallstatt 
epocli, the abode ot a consideiable part of the great noitliein race whose movementa 
10 01 ' 11 centuries latei on was to shake the Roman Empire The dohchocephals 
weie, then, the ancestors of the Suevians and Moicomaus described by Tacitus 
* # » 

It is at the utmost, if at the end of the early lion Age the bTachy- 
cephals, who now predominate m nearly all parts of the country, 
counted here and there a few representatives.^ We might quote 
other proofs, derived from the excavations m Wuittemheig, of the 
antecedence of the dolichocephals. 

Prussia — ^In passmg over mto noith Germany the same facts are 
observed Thus from Tilsit to the other end of the country, m both 
eastern and western Piussia, and m Pomerama, theie have been 
found a number of skulls of the early lion Age — all of them doli- 
chocephalic and always of the same tjrpe as that of the reihengriiber. 

iKaulte riohmlttelalterUche ScbiuJelund Gobemeaua Llndan Sltzimgsbericlite dei ICOnlgl bayer 
AtadSinla der Wisaonsobatten MOnchen, 1807, vol 27 

' voaEWder isTumolusliBlstattieiidiiWilrttombBTg.raviewedby Hervfiinthenevuedel’Eoole 
d’Anttropologle, 1896. 
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But while oast of the Vistula there was a seiies of large skulls mixed 
with long ones, yet west of the river, m the piesent Pomerania, only 
dolichocephalic skulls were found, from which Lissauer concluded 
that it was here that the German race originated * 

These skulls recovered from the hugclgiaber of the surroundmgs 
of Neustettm (Pomerania) aie exactly like those of the Hugelgraber 
of southern Germany; that is, they are dolichocephalic, but along 
with the pure dolichocephalic type of the reihengraber there were 
also larger forms, the result of a more advanced evolution Other 
older skulls (belonging to the period of transition from Bronze to 
Iron Age), which have been found in Pomerania at Crissau, near 
Danzig, in western Prussia, aie likewise of the dolichocephalic type 
(70 to 70.2). 

Pmally three still older skulls (neohtluc) aie hkewisc doliclioce- 
pUalic, One of these came from a tomb in the plain of Conjavia, 
between Thorn and Inowi’aslaw (western Prussia), and hud a cephalic 
index of 66 5, it was massive, with prominent superciliaiy vaults 
nearly runnmg mto one another at the frontal ]omt (glabella).* The 
two other skulls, winch were found at Wisldavten, in Samland (north 
of Koemgsbcrg), had mdices of 63 1 and 68 8 ^ 

Smce Lissauer’s publications in 1874 and 1878 other finds of pre- 
lustoric skulls have been made in north Germany which confirm the 
conclusion of this author regarding the dohchocephaly of the primi- 
tive blond Gennans Thus a neohtluc skull discovered by Hollmann, 
near Tangermunde (central Prussia, district of Stendal), and exam- 
ined by Virchow in 18S3, had an mdex of 68 5,® other skulls of the 
same locality had mdices of 71 5, 76, and even 77 7, winch marlis 
quite an advanced evolution for the last two, but the correspond- 
ing tibiis of the skeletons were in pait slightly platyciiemic like other 
neohtluc skeletons of German oiigm of Rhemsli Hessia 

Schumann m several communications to the Anthropological 
Society of Beiim m 1891 and 1894 discussed neolithic skulls from 
various paits of noitli Germany winch, besides being dohchocephalic, 
were analogous to tho skulls of the reiiiengraber or south Germany. 
Thus a skull from Glasow, near Lockmtz (Pomerania), had an 
index of 68 7 and veiy prommenfc supercihary vaults. Another, 
foimd at Casekow, in the legion of Randow, had an mdex of 72.2, 
and a third of 67.16 liom Oberfm', in the vicmity of Bnbhtz.'* 
Finally, foui other skulls of the Roman period, discovered in 
Borkenhagen (region of Cdslm, m Pomerama), showed indices of 
69 8, 71.3, 71 5, and 72 7, although these would be much later than 

'Msimuei Crania prnssIcH, Zeltsclir l Etlinol , 1874, p 189,226 
“Uisaiiei Zoc cil 

f HoUmaiin " ' ' ’ ’ ■ ~ ijjde, Zoltsclir f Ethnol , 1SS3 and 1884. 

*Solium|inn i i . wahrscUoinliclKmaderSteinzelt Zeltsobr f Etluiol.,lS9I 
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the neolithic period ’ The evolution which in older localities had 
already relatively advanced was less noticeable in more lecent places. 

Accordmg to Lissauer the middle cephalic index of 282 present 
Prussian skulls is 79 15 

OLD DOLIOHOCEPHALS OP GERMAN TYPE POUND OUTSIDE OF 
PRESENT GERMANY 

The countries in which these skulls are met with are many and 
widely extended in Europe. 

Holland —In the northeast of this country there have been found 
m certaui tombs, called terps, dating from the beginning of the Chris- 
tian era, 39 skulls whose medium cephalic mdex is 74,8, There were 
54 per cent dolichocephalic, 38 per cent mesaticephahc, and only 8 
per cent brachycephahcd The dohchocepliahc were identical with 
those of the reihengraber, while the brachycephahc, as it is seen, 
were but slightly represented down to histoiic tune. In contrast to 
this, of 80 skulls of the fourteenth and fifteenth centuries there were 
not a smgle one whose mdex was less than 80 At present the great 
mass of the people of Holland are of two brachycephahc types, one 
blond the other brown, the former with a middle index of 80 to 82, 
the latter with one of 84 to 86 ^ 

Bohemia —-hx this country, winch adjoms south Germany, were 
found skulls which were much older than those of Holland, for they 
dated fiom the neohthic period At that time the large majority 
was dolichocephalic, while at present the Czech population, as well 
as the Germans of Bohemia, are brachyoephaho. Only their lan- 
guage separates them During the Stone Age, says Hiederld,^ a 
round skull is extiemcly rare 

In the Hallstatt period the percentage remained m favor of dolicho- 
cephaly; it is only much later, from the eighth to the twelfth centu- 
ries, that brachycephaly begins to predommate, 40 per cent brachy- 
cephals as opposed to 20 9 per cent of dohchocephals. Finally, the 
skulls of the sixteenth century, examined by Matiegha, are mesati- 
ccphalic m the proportion of 25 per cent, and the dolichocephalic 
only 5 pel cent Tb,at scholar also stated that the proportion of 
brachycephals is much larger among females.® 

The following summing up of Zuckerkandl shows the gradual siip- 
plantmg of the dohchocephals by the brachycephals in Bohemia “ 

Prehistonc time. — Long skulls, 57 1 per cent, middle, 19 1 per cent; 
short, 23 8 per cent. 

“ "* ’ ' n-' ■' - 1 r 0l,lS94 

5 '' aiv lUr Antliropologle, 19Qo. 

1 - ZelteolirlttrUr Uotphologle, 1907, 

• ■ ■■ Id Wien. 1894 

898 

“s C'-jTia dB." socldtis anthr aHem at vJoniloises, 1886 C B in Mlttball der AutU, 

‘li liiju, \o: 10 
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Present time . — Long skulls, 0, middle, 17 5 per cent; short, 82.5 
per cent. 

This change is clue to tlio transformation of the dolichocephalic 
type without the influence of a foreign immigration. 

It should be noted that although the eyoliition ivas a gradual one, it 
did not require an indefinite time, for the modifi.cation took place 
gradually, almost from century to centuiy, as is proved by the finds 
in gi’avea which are exactly dated Thug the graves of the tenth 
century furnished 58,3 pei cent of long skulls, whde in those of the 
twelfth and thh'teenth centuries there are no more than 23 5 per cent 
At the same time the cephahc index increases Thus the cephalic 
index of 74.68 m the tenth century rises to 76.19 until the end of the 
eleventh century, and to 78.26 untd the end of the thirteenth century; 
in the sixteenth century it is abeady 80 77, and at the present time 
83 19.^ It IS also to be remembered that the oldest Quaternary race 
of Bohemia was likewise dohchocephahc to judge from the Brux skull 
wliich dates from the Moustenen period 

As regards the color, at present the brown type predominates in 
Bohemia, while in the Middle Ages it vas still the blond type, 
Finally, the historical documents datmg from the end of the first 
centuiy, point to the fact on wliich Niederle insists, namely, that the 
Slavs of the East were blond and had blue eyes. As prehistory 
teaches us that the primitive type was dohchocephahc, so history tells 
us that the pnmitive type of the Slavs was blond, Accordmg to 
Weisabach the middle cephalic index of 221 modem Slav skulls is 
82.90, and accordmg to Meyer and Kopernila it is 84 4 among the 
Poles and Ruthemans of Galicia, 

.Austria . — In the western Provmcea, German as well as Slavic, the 
' primitive population was likewise dohchocephahc, for the ratio of 
doiiohocephaly to brachyceplialy was origmaUy as 87 to 13. Sub- 
sequently the relation was reversed, as can be seen from the f oUowmg 
table, accordmg to Zuckerkandl ® 
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Sungary — At Lengyel, in south Hungary, five prehistoric skulls 
have been found, four of winch were neohtliic and one was of the 
Bronze Age They weie measured by Vnohow The first four, 
which were male, had a cephaho mdex of 74.3, 78 2, 68.82, and 67.5, 
while that of the fifth was 77 3. Virchow said that these slaiUs 
greatly resembled the neolithic skulls of northern Europe, and 
added that they might even be considered as of Aryan origin, or as 
representing one of the stocks fiom which the Aiyans sprang ‘ It is 
probable, however, that these dohchocephals were merely immigrants 
from the north. In any case they piove the wide expansion of the 
prehistoric blonds m Europe 

The Isles of Britain — In the long barrows of the Stone Age, as in 
the tumuli and caves of the same period, were found slcuUs with a 
middle index of 72 for 86 skulls, but not of the German type, as their 
dolichocephaly was more meridional They are, therefore, of no 
service for our subject, the less so, as the statuie of the skeletons is 
much shorter than that of the dohchocephals of other countries which 
have been connected with the blond stock 

After the dohchocephals the brachycephals came, bringmg bronze 
with them mto England These are found m the round barrows of 
the southern part of the country (with middle cephahc mdex of 80 for 
103 skulls) ; but they are not to be considered as the descendants of 
the neohthic dohchocephals, as they were nnmigrants. Besides, the 
pottery of the Bronze Age fully resembled that of Central Europe.® 

The only brachycephals who might be descendents of the neolithic 
dohchocephals are those of the same period who are found m different 
parts of tlie British Islands, not in the long-harrows, but in the 
tumuli, in caves, and m other graves These neohtluc brachycephals 
are quite different from those of the Bronze Age 

There were, however, m Great Britain blond peoples, which Strabo 
has specifically described. 

The Britons are much tallei than the Celts (Gauls) and less blond, hut of a gentler 
temperament To give an idea of their statuie, we have seen with our own eyes iu 
Rome tliat when scarcely emerged horn infancy they would surpass the tallest people 
in the city by half a foot It should be added that along with this they aie bow-legged 
and their bodies are generally dl-proportioned ® 

Tacitus, who must have been well-informed about the type of the 
Britons through bia father-in-law, the Koman general. Agricola, 
dwells particularly on the variety of their external characteristics 
(habitus corporum varii), for he describes the reds and blonds among 
the indigenes of Great Biitain. He says . 

The russet hair ^ y ■■ ' Caledonia and then large size attest Gendan 

origin * * * , the Gauls resemble them, either by reason 

' yiroh.ow. fjxcurslon naeli Lengyel fSad-Ungarn) Zeltsohritt Itir Ethnologie, 1890 
, 1 AbetoromlDy. TbeoldestBronseAgeceramictypouiBritain louimlQltheAntUropologicnnnatitute 
of Great Brltsto, M02. 

, « StniBo. ' Geography, Chap. V". 2. 
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ol the lasting impress of the same oiigin, or because in these countries, which face one 
anothei, the likeness of the clunate has given the body the same form. But it is 
probable that the Gauls had settled in the coimtiy so near to them ' 

The Bntons with brown hair are placed by Tacitus in the southwest 
of the Gallic country “The tawny color, the generally curly hair of 
the Silures and thou location opposite Spain suggest that the ancient 
Iberiaiia had crossed the sea to settle in the country ’’ ^ 

The Spanish ongin of the Silurcs does not seem in doubt, and as for 
the Caledonians (Scots) of German type, they must be, in our opinion, 
the descendants of tb,© Celts who invaded the British Islands toward 
the seventh or eighth century B. C , or even of blonds preceding the 
Celts. However that may be, it may bo assumed, on the authority of 
Tacitus, that in ancient time there existed in Great Britain both 
blond and broivii indigenes, just as at present tliere are blond and 
brown Engbabmen 

Still, according to tradition, the blonds were m majority there 
during the hliddle Ages, not so much on account of the immigration 
of Anglo-Saxons, Danes, and Normans, but because the blonds were 
already numerous there before such immigration. 

“It seems perfectly pioved,” says Prichard, “that the color at 
present predominating in the British Isles differs markedly from that 
of all the laces which entoied mto the formation of the present 
people. We liave seen that the ancient Celtic tubes belonged to a 
blond race, and such also were the Anglo-Saxons, the Danes, and the 
Noimans, lastly, the Caledomans (Scots) and the Gaeho (Irish), like- 
wise, weie a people with wlnte skin and blond hair, and yet these 
pecuharities by no means form a constant characteristic among tlie 
mixed descendants of these blue-eyed races ” ^ 

Accoiding to Beddoo, the people of modern England, as regards 
the eyes and the hair, are darker than those of Scotland 
Denmaric — The best-known Damsh skulls of the Stone Age are 
those ol the celebrated tumulus of Boneby, in the southwest of 
vSjallaiid Island, winch aie preseived with other skulls of tho suc- 
ceeding ages in the Museum of the Antiquities of the North at Copen- 
hagen Virchow, who had measured them, found for 26 skulls of 
Borreby a middle index of 79. Among them there were brachy- 
cephals as well as dohchocephals, but the latter were in the majority. 
Other neohtliic skulls of Denmark (Islands of Moen, Bolster, and 
Langland) were coinbined for measurement with those of Borreby, and 
yielded the somewhat lower middle index of 77 for a total of 41 skulls 
A particular characteristic of a certain number of these skulls con- 
sists in a mai’ked jutting out of the orbital vaults, similar to that of 

1 Taotliis Life of Agrleola, Sect XI 
sldem. Op dt 

3 Prlcliard Hlatave natar da I'Uonune. Prenoh translation by Roulln, Paris, 1843. 
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tihe Neanderthal man, which Virchow compares mth that of the 
present Austrahans. 

It may, tlierefore, be concluded that these skulls are of remote 
antiquity, notwithstanding that some of them are brachycepliahc 
In any case, they are not Lapp, howsoever they may show the type 
called Lapponoid, for the Lapps have never mhabited the Scandma- 
vian regions below 62° noith latitude. 

For the Bronze Age Virchow could measure only tliree skulls 
whose middle index is 66 6 The five skulls of the Iron Age have 
indexes of 65 5 foi the eai ly Iron Age and 69 1 for tlie later one,^ 
Smce the publication of Virchow’s measurements of the prchiatoiic 
skulls of the Museum of the Antiquities of the North, Soreii Hansen 
has examined five other slmUs of the Bronze Age, while Prof. Nielsen 
has studied the entire prehistoric population of Denmark at different 
periods. 

Thus Nielsen stated that of 119 skulls of the Stone Age theie were 
83 dohehocephahe, that is, 70 per cent, and more than half of these 
83 neohthic skulls (47 per cent) were pure dohehocephahe, with an 
index of 75 or less Of the skulls of the Bronze Age only 1 was 
hrachycephalic (81) and 3 mchned to an index of 79 Of the 35 skulls 
of the Iron Age, lastly, only 1 was biachycephahc (81), 2 had an 
index of 79, wlnle 25 had one of 75 or less ® Besides, the skeletons 
found in peat and those of the L-on Age are particularly large 

From this preponderance of dolichocophaly dunng prehistoric 
times in Denmark we conclude that the population there was then 
blond, as in Germany and the neighboring countries, and as legards 
the prebistoiic brachycephals of the different ages, they weie related 
to the corresponding dolichocophals At present, dolichocephaly 
seems to predommate, though mesaticephaly and hrachycephaly are 
not wantmg By fai the greater part of the present population has 
chestnut-colored ham, but with light eyes, while dark eyes are rela- 
tively rare. There are likewise some blond-hah’ed (The obseiwa- 
tions were made on 2,000 individuals of the age of 20 from' the 
southern and eastern parts of the peninsula of Jutland ) ® 

Sweden . — In this country, already at the period of pohshed stone 
implements, there were three races (1) True dolichocephals, with 
eUiptio or slightly oval countenance, low and narrow forehead, 
highly developed superciliai’y arches and glabella, low orbits and 
straight nose; (2) brachycephals; (3) mesatioephals of very vaned 
types. 

1 Virchow Die flltnordigohea SohSdoI zu Kopsnhagen Arolilv fUr Antliropologio, 1870 
•Nlelaeh Anthropologic do la population du Danotnark, 1908 (quoted hy Q Betzms in tha Journal ol 
the Anthropological Ihstllnite of Groat Britain, 1000, p. 304) 

» S8'-pr! H“rser' ard Toplnard La ooulour das ohovoux et dos yeux on Danemark Kevue d’Anthro- 
pologlc, 18\3 
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Of 42 neolithic skulls coming from different parts of Sweden, 39 
are dohchocephaliCj 16 mesaticephalic, and only 3 brachy cephalic. 
The periods of bronze and ii'on produced no important change in the 
proportion of these different ethnic elenienta which stdl constitute 
the basis of the present population. 

Of 51 .skulls of the Iron Ago, 47 are clohcocephahc, 15 mesatice- 
phahc, and 4 brachy cephalic It is thus very probable, says G. 
Eetziusj'that the dolichocephalic people of prehistoric times belonged 
to a race of great stature, with blond haw, blue eyes, and long head, 
which still represents 85 per cent of the present population. Thus 
Retzius calls Sweden the home of the blonds 

The archeologist Bunsen told Pnchard in regard to this, ''that he 
had in vain searched for the golden haw and azure eyes of the ancient 
Gormans, and that he could never find the originals of the portraits 
which the ancients had depicted of his compatnots until he visited 
Scandinavia, there he found himself in the midst of the Germans of 
Tacitus.” ^ 

As regards the lirachycephnls, says Retzius, only surmises can be 
expressed on tlieiz’ affinity with the Lapp or Pmnish races, 01 with the 
braehycephals which are met with in the same period ip the rest of 
Europe. ^ 

At present there are m Sweden about 87 per cent dolichocephala 
and only 13 per cent braehycephals. 

On our part we shall call attention to the strongly juttmg out of 
the superciliary vaults of the glabella among the neolithic dolicho- 
cephals of Sweden, which has already been noticed m other neolithic 
skulls of ancient Germany. This anthropological chaiacteristio rep' 
resents an atavism suggesting, in our opmion, a relationship ,to the 
doliohocephals of the period of chipped and polished .stone implements 

But as regards the neolithic brachycephalic skulls, designated by 
De Quatrefages and Hamy as Laponoirles, which have been found in 
various regions of western Europe, they have, in our opinion, no 
connection whatever with the Lapp race; their origm should be looked 
for where thej'- are found 

Norway — Of 161 old Norwegian skulls which form part of the 
anatomical collection of the University of Chi'istiania, and which 
have been examined by Justus Barth, there were 41 8 per cent 
dolichocephalic, 52.3 per cent mesaticephalic, and only 6 9 per cent 
brachycephalic. AH these skulls represent the ancient people of 
southeast Norway, and them average age k about 500 years. Tp 
these are joined a number of other skulls found in tumuli of the 
Viking Age, that is, of the latter part of the Iron Age, and the time 

1 FrioJlard;. Op olt.Tol 1, p 2C7 

sRatzlu8(0 5. CniaJa5ueal3caftntlqu&. StooWiolm, 1000 Tho so-(RlIod North European raca of Man- 
Mnd, by the same author lourhal of tiie Anthropoloitioal lustituta of a roat Orltain and Ireland, 1900 
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immediately precedmg it. There was also examined a collection, of 
skulls from gaederen in southeast Norway (the method employed in 
measuring was the so-called of Frankfoit). 

"The Vilang type, which is very marked and widely spread, is 
nevertheless,” says Barth, "not rightly considered as specially 
belongmg to Norway, it is rather an aicheo-Germamc tyjie, to judge 
by its resemblance to tho ancient foim known as the type of the 
row-graves [i cihengraber] The Vilcmg ty^ie is found not only 
among these old Norvegian skulls, but is met with also among our 
contompoi aries, and especially m the dolicho and mesaticephahc 
districts They are also found among the skulls of Jaederen, which, 
accordmg to Arbo, belong to the brachycepliahc type One is con- 
strained to assume that besides the Lapps and Finns two other ethnic 
elements, the decidedly dohcho-mesaticephals and the decidedly 
brachycephals, entered into the formation of the Norvegian race.”^ 

The very small proportion of brachycephals and the predominaixce 
of mesaticephals would, m our opinion, prove that they are the 
product of evolution of the dolichocephals, for besides the skulls of 
the Vilcmg type there are skulls which date only from about.500 years. 
At present, according to the investigations of AiLo and other 
anthropologists, the dohchocephals preponderate, especially m the 
eastern part of the country, but in the southeastern and along the coast 
a large proportion of brachycephals is met with. 

Russia — Prehistoric skulls of the kiugans (tumuli) of central 
Russia wore described, in 1892, by Bogdanov; they are aumlar to 
those of the old German type. He says as follows. 

One of iRe most eminent anthropologists of Germany wrote tlint when seeing these 
skulls he noticed their perfect resemblance to the skulls found in the ancient tombs of 
Germany (leihengraber) A distinguMied anthropologist of Sweden found that they 
resembled the ancient Swedish skulls In going several times through the museums 
of Europe I was struck by the resemblance of the skulls found in Germany and belong- 
ing to the piehistnnc time of that country to our Kurganmns ^ 

These skulls have already been discussed by us m a communica- 
tion to the society in 1891 (De la transformation d’une race doli- 
choc6phale en une race brachyc^phale) , and we shall not repeat it 
here. Wc shall only exti'act the following passage for our argument- 

In the prehistoric tumuli of the government of Moscow there were 66 4 pei cent of 
dolichocephalic, or rather subdolichocephalic skulls, and 22 per cent mesaticephahc, 
the brachycephalic furnished only 5 6 per cent. But dohchocephaly diminished 
little by little, and brachvcephaly ended by getting the better of it in modem tunes. 
Thus of 120 skulls from the old cemeteries of Moscow, dating from the sucteentli to 
the eighteenth centuries, there were only 19 65 per cent dohchocephahc, while the 
brachycephalic were in the proportion of 62 99 per cent There have also been found 
samples of li in- n sotno kiirgans which apnonr to ha”C I'e'--’! dark-blond for the dohoho- 
cepb.Ud and chcsinur-ce'Ioicd hu ihc bnu'iiK riih'^'s 
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This would prove tlial the Slavs of Eussia were quite dohchoce- 
phalic and blond in the beginnmg, hut became brachycephahc and 
brown exclusively under the influence of evolution, not oivmg to 
mixture 

We bebeve, then, that we have indicated the principal regions of 
Europe where the neolithic dohchocephals of the Geiman type have 
been found, and it will bo noticed that neithei Belgium nor Prance 
have been considered, because the neolithic dohchocephals of these 
countries are not of the German type, properly spoalong, although 
'there may have been some connection between them 

As regards the so-called Merovingian skulls which have been found 
in Prance, it is well known that they come from immigrant^ m 
hiatonc tune 

There remains Switzerland, where prehistoric dolicliocepbals of the 
German type ^ have been met with, hut they are skulls of immi- 
grants Upon what ground is the assumption based that they are 
skulls of imimgTants? Upon the fact that before them there were 
already m that country other races of an entnoly difl'erent type, as 
has been 'shown by human bones found there The skulls which 
were anterior to those of the Gorman type are brachycophalic, so- 
callcd Laponoid resenihlmg those of the race of Gionclle, which, in 
them turn, aie again the descendants of another dolichocephalic race, 
representmg the oldest race of Sivitzerland. 

The Laponoid brachyoephals should be distmgiushed from anothei 
prehistoric brachycephahc race of a finer type than that met with in 
Switzerland m the Bronze and Iron Ages, and which pioceeded fiom 
the German dohchocephahc race, lilce that which has passed away in 
Germany and other countries mentioned m our desciiption 
Thus the succession of the different prelustouc races in Switzer- 
lahJ, from oui point of view, is as follows' 

1. The primitive dohchocephahc race 

2 Laponoid brachycephals (not Lapps), issued from the piecedmg 
3. German dohchocephahc 1 ace 
4 Brachycephahc 1 ace, issiied from the precedmg 
At present brachycephaly predommatea m Switzerland 

PBEQUENCy OF BRACHYCEPHALY AMONG WOMEN IN THE COURSE 

OF EVOLUTION 

It has already been noted several tunes that m certam tombs, 
which contained a more or less laige number of dohchocephals and 
only a few brachycephals, that it was the female sex which most 
frequently presented brachycephaly or mesatiqephaly Lissailer and 

' His and Rutlmeyor Crania lielvotlw, BbsoI 18(14 Stlider ot Barnwartb Crania lielvelica anfcKiil^i, 
Leipzig, 1894 
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Virchow, for German skulls, and MaLiegh.a, for Bohemian, have 
noticed this fact without, howerei, attempting to explain it Thus 
Lissauer, among 30 skulls of Kaldus, counted 13 dolichocephalic, 13 
mesaticophahc, and 4 bracliycephalic, and 3 of these last ones were 
of women 

Virchow, in a cnmmunicalaon to the Anthropological Society of 
Berlin in 1881, on the graves of Slaboszewo, iieai Mazilno (Posen), 
presented the study of 16 skulls, 10 of men and 6 of women, whoso 
cephalic index was 72 5 for the former and 77 8 foi the latter Of 
the 6 women there wore 5 mesaticephahc and 1 brachycephahc, but 
not one dolichocephalic 

Among tho sltulls of other sepulchers which have been measured by 
different authors there is sometimes only a single brachyce])hahc 
found among a ceitani number of dolichocephalic ones, and it is pre- 
cisely the brachycephahc one that belongs to a woman It might he 
objected that it is often difhcnlt to recognize tho sex characteristics 
of a female skull, but ni a good many sepulchers the skeletons are 
intact, which permits of distinguishing the sexes 

If, therefore, it be assumed that the hrachycephals are immigrants, 
where there are dohchocephals, it must also be assumed that women 
only had mvacled the localities where only female hrachycephals are 
found — something un believable 

Furthermore, it has already often been lemaiked that the bracby- 
cephals were at first found everywhere m small numbers and increased 
only in the course of centuries It must then be supposed that the 
brachycephahc men, if they had been the myaders, were scattered 
over a wide area of land, being, at a certain period, everywhere in the 
minority — somethmg which is no less madmiasible. 

To say that the brachycophalio immigiation came from unknown 
parts 13 a pure hj^othesis It must then be siijiposed that the evolu- 
tion from the dolichocephalic type to the brachycophalio was first 
effected in tho female sex In other words, the modification of the 
cephalic type seems to have made its appearance first m woman 

We could quote other pioofa m support of our thesis of the muta- 
bility of anthropological characteristics, and if it is admitted that a 
brachycephahc lace might descend, without mixture, from a dolicho- 
cephalic race, which also implies tho transformation of n blond race 
into a brown one, the task of historians would be facilitated, and they 
i^ould thus be able to establish the relationshiji of certain peoples 
that are divided not only by name and language hut also by anthi’O- 
pological characteristics. 

' In this way could be explained the connection between the blond 
C^ltS and the brown ones by assummg that this people was origmally 
blofid. In the same way it could be explained why the Slavs, whom 
85300 ”— SM 1912 11 
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history depicts as havnig once been blond, are now brown or appioach- 
mg that color 

History also tolls us that there have been successive invasions of 
blonds in Europe, such as of tho Colts, the Cmibnans, the Germans, 
etc Now, it maybe assumed that similar invasions had also taken 
place in prohistoiic tunes, and it is on that account that the exact 
period of the settlement of tbe Celts in western Em ope can not be 
cleiermuiod , but tho Celts might be considered as the ])iedecessors 
and conquerois of the Cnnbrians, Geimans, Goths, Normans, etc. 

It lemams to speak of the origm of the blond oi red Fms, the blond 
Laps, and of the blonds that are sporadically met with among brown 
nations 

It has already been shown that tho blond Fimis sprung ftom brown 
Finns, and it is thus seen that a blond race might descend from a 
brown one without the mtermcdiaiy of any mixtuio, just as a brown 
race might descend from a blond one 

As regards the blond Lajips, their evolution is the same as that of the 
blond Finns, that is to say, they descended dn'eotly from the brown 
Lapps iviihout ci'ossmg with a foreign lace 

As to tho blonds that are met with everywhere in tho midst of 
brown laces, ni exclusively brown families, they aie the result of a 
suuple transient variation, so that they themselves can not pro- 
create but brovms, resemblmg the race from which they sprung 

In conclusion, we believe that it is demonstrated that during 
Neolithic times there existed m a gi'eat pait of Europe — m Holland, 
Germany, Austria, Bohemia, Denmark, Sweden, Noi way, and Russia — 
one and the same dolichocephalic race, bemg the descendant from the 
Quaternary dolichocephalic lace and which can be considered as the 
stock from which sprung the blonds mentioned m history under the 
names of Celto-Galato-Gaiils, Cimbrians, Gormans, Goths, Normans, 
etc. All these blond races were therefoie of European not Asiatic 
origin, and they had occupied a vast aiea and not a more or less 
limited part of Europe Subsequently they mvaded other parts of 
Em ope and even Asiatic regions 

Later the greater pait of these blond races was transformed^ 
becoming brown and brachycephalic without the intermediary of any 
mumig, and this is the reason why at present exclusively blond races, 
as described by the ancient authors, are found no moio, so that they 
may be called fossil races. 
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On May 2, 1906, the Evemng Post of New York announced m an 
article headed “Police Lesson from India” the first snecessful appli- 
cation in this countiy of the thumb-pimt test. A notoiious crim- 
mal had robbed the ^^nf6 of a prominent novehst in London of £800, 
had made his escape to New York, and was captured after com- 
mitting a lobbery in one of the large hotels in that city The Ber- 
tillon Bureau of the Pohee Department took a print of one of his 
thumbs, which was mailed without any other particulars to the 
ConTict Supervision Ofifice, New Scotland Yard, London, where he 
was promptly identified. He was convicted and sentenced to seven 
years in prison The system of finger prints is now successfully 
utilized by the pohee departments of all large cities of this country, 
central bureaus of identification having been established in the 
capitals of the States The admissibihty of finger-print evidence as 
vahd proof of guilt in murder trials was upheld in tho case of a 
colored man executed m Cook County, IB, on February 16, 1912 
He was convicted of murder largely on a showmg bj’’ the piosecu- 
tion that the imprint of a finger on the woodwork in the slain man’s 
house con’esponded with that in the records of Joliet prison, where 
an imprint of the accused’s fingers had been taken when he was dis- 
charged from the penitentiary a short time before the murder. 
Likewise, in our relations with ilhterate people the system has come 
to the fore On the approval of the Secretary of tho Interior Depart- 
ment, the Commissioner of Indian Affairs instructed oflicials through- 
out Oklahoma in 1912 that hereafter every Indian who can not 
write his name will be reqmred to sign all checks and official 
papers, and indorse checks and warrants covering Indian money, 
by making an impression of the ball of his right thumb, such impnnt 
to be witnessed by an employee of the Indian agency or by one of 
the leading men of the tribe who can write If an Indian is not 
living with his tnbe, his thumb-mark signature must be witnessed 
by the postmaster of the place where he resides Promment banks 

C31 
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of Chicago have adopted finger pnnts in the case of foreign-born 
customers who can not sign their names in English, and it is reported 
that the scheme has worked out to perfect satisfaction The cashier 
of one of the largo Chicago banks stated in an interview in the Chicago 
Tribune of May 14, 1911: 

We tave never had a complaint or error from this system There are absolutely 
no two thumhR alike, and the thumb-prmt mark is aa absolute identification We 
have had complaints over signatures, but never over thumb pnnts Men have 
claimed that they did not sign withdrawal slips, but no one has ever denied his thumb 
mark 

It is well known that the honor of having developed the system 
of finger prints and placing it on a scientific basis is due to Sir Francis 
Galton, explorer and scientist, born at Birmingham, England, Feb- 
ruary 16, 1822, and Who died in London in January, 1911 The 
results of his studies are contained in two books. Finger Prints 
(London, 1892) and Finger Print Directories (London, 1895).^ 
The system is based on two observations — the widely varying, indi- 
vidual character of the finger marks (in Galton’s words: “It is 
probable that no two finger pnnts in the whole world are so alike 
that an expert would fail to distingmsh between them") and the 
persistency of the form of the marks m the same mdividual from 
childhood to old age. Galton comments on the latter point as 
follows , 

As there is no sign, except m one case, of change durmg any of these four intervals 
■which together almost wholly cover tlie ordmary life of man (boyhood, early man- 
hood, middle age, extreme old age), wc are justified m inferring that between birth 
and death tliere ni absolutely no change m, nay, 699 out of 700 of the numerous char- 
acterifitics of the markings of the fingers of the same person such as can be impressed 
by him wherever it la desirable to do so Neither can there be any change after 
death up to the time when the skm perishes through decomposition for example, 
the marks on the fingers of many Egyptian muramiea and on the paws of stuffed 
monkeys stdl lomam legible Very good evidence and careful mquiry is thus seen 
to justify the popular idea of the persistence of finger markmgR There appear to 
be no hodilv characteristics other than deep scars and tattoo marks comparable in. 
their persistence to these markings, at the same time they are out of all proportion 
more numerous than any other meaauieable features The dunensious of -the limbs 
and body alter in the course of growth and decay, the color, quantity, and quality 
of the hair, the tint and quality of the skm, the number and set of the teeth, die expres- 
sion of the featuies, die gestures, the handivntmg, even the eye color, change after 
many years There seems no persistence in the wsible parts of the body except in 
these mmute and hitherto disregarded ridges. 

The permanency of the finger marks certaiuly refers to the features 
of the design, especially the character of the ridges, hut not to their 
raensuTemonts, which are subject to the same general changes asso- 
ciated villi the giiiwUi of the body Galton liimself admits his great 

1 OUfttcr books oa Uio subject, E. B Bonry, Clasaification and Uses of ITnger Prints, ad edition, London , 
lfi05, moy bo specially montlonod. 
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indebtedness to Sli’ William J Herscliel/ and from him he appears to 
have received the first impetus for an mvestigation of "this subject. 
Galton’s attention was first drawn to it m 1888 when preparing a 
lecture on Personal Identification for the Royal Institution) which 
had for its prmcipal object an account of the anthropometric method 
of Bertilion. “Wishmg to treat the subject generally,” he says, 
“and having a vagne knowledge of the value sometimes assigned to 
finger maiks, I made mquines, and was surprrsed to find both how 
much had been done, and how much there lemained to do befoie 
establishing their theoretical value and practical utility This 
confession implies that Galton did not discover the idea himself, but 
derived it from, and relied solely on, his predecessors, chiefly Herschel, 
who, moreover, can not claim that the idea was whoUy hie own. 

This method of identification had been suggested to Sir William 
Herschel by two contracts in Bengali, dated 1858 “It was so difficult 
to obtam credence to the signatures of the natives that ho thought 
he would use the signatures of the hand itself, chiefly with the mten- 
tion of fiiglitenmg the man who made it from afterwards denying his 
formal act However, the impression proved so good that Sir Wil- 
liam Herschel became eonvmced that the same method might be 
further utilized. He finally introduced the usa of finger prmta in 
several departments at Hooghly (m Bengal) m 1877, after 17 years’ 
experience of the value of the evidence they afforded A too brief 
account of his work was given by Inm in Nature, volume 23, page 23 
(Nov. 26, 1880) In 1877 he submitted a report in senuofiicial form 
to the Inspectoi General of Gaols, asking to be allowed to extend the 
process, but no result followed ” “If the use of finger prints ever 
becomes of general importance,” remarks Galton, “Bn* William Her- 
scbel must be regarded as the fii’st who devised a feasible method 
for regular use and afterwards officially adopted it.”“ 

It is difficult to believe that tierschel, stationed m India, should 
have conjured up, entirely from his own resources, a system winch 
had been known and applied m the East ages before his time. Had 
he designed it m hiB home study m England, the matter might be 
looked upon m a different light But he resided at Calcutta, where 
a large colony of Chmese had been settled for a long time, and if a 
European, livmg m the Orient in close official and private relations 
with its people, conceives an idea wliich seems to belong to his very 
sniTOundmgs, it would be proper to credit Ins environment with its 
due share m shaping that idea. The man labormg on bis “mvention” 
for years may easily forget this first impetus It matters little 

- \ ringat Prints London, 1892, p. 1 Herscliel was twrn In 1833 and angaged in the Civil Service of 
India troln 1863 to 1878. 

»n)td,p 2 

^ » Compare Galton, Pingar Prints, p 28, 
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also wKether or not lie himself is conscious of outward influences, the 
cool and impartial historian, in the hght of observed facts, can reach 
no other conclusion than that Herschel must have conceived his 
idea from observations of sunilar affairs made on the spot A similar 
judgment was early rendered hy a ivriter m the N-inteenth Century 
(1894, p. 365) who championed the cause of the Climese m the priority 
of the finger-print system. Herschel himself, however, wa3 of a 
different opmion and indignantly rejected such a point of view 

Li a letter addressed to Nature (vol 51, 1894, p 77) Herschel 
claimed for himself that ‘ ‘he chanced npon finger prints" m 1858 and 
followed it np afterwards, and that he placed ail his materials at the 
disposal of Galton While vindicatmg the honor of the mvention for 
himself, he at the same time deprecated “as bemg to the best of his 
knowledge whoUy unproved the assertion that the use of finger marks 
in this way was origmally invented by the Chmese ’’ “I have met 
no evidence,” he continues, “which goes anywhere near substantiat- 
ing this As a matter of fact, I exhibited the system to many pas- 
sengers and officers of the P and 0 steamship Mongolia m the Indian 
Ocean during her outward voyage in February, 1877, and I have the 
finger prints of her captam, and of all those persons, with their 
names, It is Iffiely enough that the idea, which caught on rapidly 
among the passengers, may have foimd a settlement m some Chmese 
port by this route, and have there taken a practical form, but 
whether that be so or not, I must protest against the vague claim 
made on behalf of the Chmese until satisfactory evidence of antiquity 
is produced ” 

The notion here expressed by Herschel that his thought might have 
spread to some Chinese port is, to say the least, somewhat naive, and 
the fact remains that the use of finger prints is well authenticated in 
China long before his lifetime The gauntlet brusquely thrown down 
by him was soon taken up by two scholars — a Japanese, Mr, Kuma- 
gusu ilmakata,^ and the always combative Prof. G Schlegel,® of 
Heiden. Both were actuated hy the smeere intention of furnishmg 
proof of the antiquity of the method of finger prmts m Chma and 
Japan , but both failed m this attempt for lack of proper understand- 
ing of what the finger-prmt system really is Both confused with the 
latter the hand stamp, that is, a slight impression taken from the 
palm. Those are entirely different affairs, and in view of the general 
knowledge now existmg m regard to the significance and effects of 
finger prmts it is needless to emphasize the f^act that a mere impres- 
sion of the palm can never lead to the identification of an mdiVidual, 
which 13 of first importance in finger prmts. The entire argument of 
Schlegel is restricted to two references occurring m his Dutch-Chipese 


1 TJia Anaquity of tlo ‘'Flngor-rrint’' MfltUod {Natwe, vol 6i, 1894, pp 190-200) 
« T’oms Pao, TOi, 6 , 1S9E, p 14b. 
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Dictionary, one pertaining to bills of divorce wMch are authenticated 
by a print of the hand of the husband, and the plirase ta shou yin, 
“to produce a hand seal'’, that is, to make an impress with the 
blackened palm ^ 

The Chmese origm of the finger-pimt system has been upheld by 
several writers on the Bub]6ct ^ The correspondent of the Evemng 
Post quoted at the begmnmg of this paper said ‘his a matter of fact, 
It IS one of those cherished western mstitutions that the Chinese have 
calmly claimed for their own, and those who doubt tins may be con- 
vinced by actual histoiy, showing it to have been employed m the 
pohee courts of British Liclia foi a generation or so back ” In 1908 
Prof Giles,® the well-known smologue, wote. “It should always be 
remembered that the wonderful system of identification by finger 
prmts was borrowed straight from China, where it has been m vogue 
for many centuries ” But this “straight fiom Chnia” is the very 
difficult pomt m the matter. While the chronological priority of the 
Chmese m the practice of finger prints may bo satisfactorily estab- 
lished, there is no evidence to show that Herschel received a stmnilus 
directly from Chma, nor that the people of India, from whom Herschel 
may well have borrowed the idea, were ever mfluenced m this flirec- 
tion by the Chinese. As a matter of principle it slioukt be stated that 
it IS most unlilvely that a complex series of ideas as presented by the 
finger-print process was several tunes evolved by different nations 


I It should not bo supposed that this is a common Clitaeas practice It may bo a local custom of which 
Sohlegel heard In Amoy or Its Tioinity, where lie derived his knowledge The Chinese marriage and di\ oroe 
laws (comp i* Hoang, Lo marlnge ohhiols an point do vuo l^gal, Shanghai, lii9S) malco no roloronoo to 
such procedure I Doolittle (Social Life ot the Chinese, London, 1S88, p 70) has the loUowing “It la 
not necessary tor the husband, In giving a bill of rtivoreemeiit to his wife, to do It In the presence of an 
offloer of {h^ Gov oinment as witness In order to make It legal He does It on his own authority and in 
his own name It Is often written In the prosence of her parents and In Iheli house Voiy few divorces 
occur In China ” In a lecont work (Dr L Wieger’s lloial Tenets and Customs In China Texts in 
Chinese, translated and annotated by L Davrout, Ho-kion fu, 1913, on plate oppositep 193) is Illustrated 
a divorce bill stamped with the hand and foot ot the husband m black ink It la remarked in the text 
that the impress ot a finger Is sometimes used as a seal, that tho papei would be Invalid without such a 
stamp, aud that In case of contestation the document thus stamped piovcs the divorce 
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iadependently If there is one thing that we know surely, it is the fact 
of the scarcity of original ideas among manlund, which may stand in 
relation to reproduced ideas as I’lOO The fact remains that, how- 
ever simple and self-evident the system may now look to us, the most 
advanced civihzed nations liave never hit upon it, that no trace of it 
con be discovered among Egyptians or Babylonians, Greeks or Ro- 
mans, and that its so very recent adoption into our culture, after pro- 
longed contact ivith east-Asiatic nations, is m itself suspicious of a 
derivation fiom a foreign source The by])othesis, therefore, seems 
to be justified that Chmeae immigrants into India may have earned 
the idea over, or that the long religious and commercial mtercourse 
between the two countries may be responsible for the transmission 
It IS out of the question to assume the reverse course of events, for 
the application of finger prmts m China is of great antiquity, eVen 
greater than ever susiioc-ted heretofoie, while nothing of the kmcl can. 
bo proved for its antiquity hi India. 

At ah events it seems certam that finger impressions were known 
ill India prior to tko tune of Herschel. George A Grierson,^ one of the 
bestoomioisseui-s of niodeni Hmdu life, in describmg the ceremonies at 
the birth of a child, mentions the fact that the midwife, usmg red lead, 
makes a finger print on the wall, vnth the mteution of hastening 
delivery It is hard to nnagme that this magical conception of the 
finger print, which is an ingredient of indigenous folklore, should be 
credited to the discovery of Herschel There are, further, good 
reasons to presume that the marks on the finger bulbs were familiar 
to the'Indian system of palmistry, I recently had occasion to study 
an ancient Sanskrit treatise on painting, the Citralalcshana,® which 
is preserved m a Tibetan translation embodied in the Tanjur One 
chapter of tins work is taken up with a detailed description of the 
physical qualities of the Cakravartm, the wheol-turmng Idbig, the 
hero and racial ideal who formed the prmcipal object of ancient 
painting The majoiTty of the marlts of beauty attributed to him 
are deiived from the lules of physiognomy, a system reaclung back 
to remote times, some of these marlcs, by way of comparison of the 
Sanskrit with the old Persian teims, are traceable to the Aryan 
period when the Iramans and Indians still foimed a united stock of 
peoples. The interpretation of promment physical qualities, as laid 
down by the physiognomists, led to aitistic attempts of portrayal, 
and for this reason I was induced to study, in connection with the 
Citralokshana, two Indian treatises on physiognomy contamed Ifice- 
’ wise in the Tibetan Tanjur, with the result that the teminology of 
physiognomy and ai’t theory are identical, and that the rules of the 
painter elesely foUew in the trail of the physiognomist and palmist. 


1 BiliOr Poasant Life, Calcutta, JS86, p. 33S 

s Edited and translated under the title Pokumente der Indtsclisn Kunet, I, Lelpilg, I8l3, 
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It would lead too far awa}^ from our subject proper to enter mto the 
.manifold details of this quamt art, but the prmcipal points relating 
to the fingeis may be insisted upon. It is said m the Samudravyan- 
janam, one of the works on physiognomy, that a woman, if the marks 
on her fingois aie tuined toward the light-hand side -wall obtain a son, 
but if turned toward the left, a daughter will be born ‘ The Indian 
pamter paid mmute attention to the hand, tlie lingers, and their 
Imes Li the above-mentioned manual of painting, then- measure- 
ments, mclusive of those of the ball of the thumb, are conscientiously 
given ^ A peculiar teim of Indian cheiromancy is yava (lit a barley- 
corn), explamed by Monnier Williams m his Sanalant Dictionary as 
“a figiiie 01 maik on the hand resemblmg a barleycorn, a natural 
hne across the thumb at the second joint compared to a gram of 
bailey and supposed to indicate good fortune ” In all probabihty, 
this teim refers also to the maj-ks on the finger tips, and there is 
further the Sanskrit word angullmudrd {lit. finger seal) used m the 
sense of finger prmt and exactly corresponding to the Chinese term 
chi yin (likewise finger seal) of the same significance.® 

An mteresting case, though not duectly bearing on our subject, 
may here be mentioned 

IHiian Tsang, the famous Chmese traveler to India, in the seventh 
century, relates a story m regard to the kmg of Takshafila in India 
who availed himself of his tooth impression stamped m red wax on 
official documents In givmg instructioiis to his son, the kmg said: 
“The affan’s of a country are of serious importance; the feelings of 
men are contradictory; undertake nofchmg rashly, so as to endanger 
your authority; verify the orders sent you , my seal is the impression 
of my teeth, here m my mouth is my seal There can be no mis- 
take ” * Only one analogy to this curious custom is Icnown to me. 
In a chaiter of King Athelstan of Northumberland it is said: 

And for a certeii truth 

I bite this wax with my gang-tootli ‘ 
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While it is lilcely that the people of ancient India were familiar with 
the stnse on the finger tips, there is, however, no evidence whatever that 
finger impieasioiis were employed to establish the identity of a peinon 
No mention of finger prints is made in the ancient Indian law bool?s. 
The signature of an individual was a recognized institution of law 
and a requirement in aU contracts. The debtor was obliged to sign 
his name at tho close of the bond, and to add; “I, the son of such and 
such a one, agine to the above.” Then came the witnesses signing 
tlien' name and that of their father, with the lemark- “I, so and so, 
am witness thereof ” The scribe finally added “The above lias 
been wntten by me, so and so, the son of so and so, at the request of 
both parties ” An illiterate debtor or witness was allowed to have a 
substitute write for him. A note of hand wiitten by the debtor 
himself was also valid without tho signatures of witnesses, provided 
there was no compulsion, fraud, bribery, or enmity connected wibh 
the operation The cleverness of forgers k pointed out, and the 
necessity of comparison of handwiitmgs and conscientious examina- 
tion of documents are msisted oii.‘ 

Besides the documents pertaining to private law, there were 
public or royal deeds, among which those relatmg to foundations, 
gi-ants of land to subjects as marks of royal favor, took a prominent 
place. They were written on copper plates or cotton cloth, and the 
royal seal {mudroD was attached to them, a necessary act to legahze 
the document. The forgery of a deed was looked upon as a capital 
crime, in the same way as in Chma. The seals represented an animal 
like a boar or the mythical bird Garuda It is thus shown by the 
legal practice in ancient India that there was no occasion in it for 
the use of finger prints, and it appears that the significance of the 
latter was recognized only in pahmstry and magic.® 

In recent times the finger-print system has been employed in 
China only m two cases, at the reception of foundhngs in the found- 
hng asylums and in the signing of contracts on the part of illiterate 
people In regard to the former mode we owe valuable information 
to F. Hirth,® who has made a study of the regulations of Chinese 
benevolent institutions * The foundling asylums established in all 
large cities receive orphan children, forsaken babies, or any others 
sent to them. These are placed by their relatives in a sliding drawer 
in the wall near the front gate and a bamboo di'um is struck to notify 
Ihe gatekeeper, who opens the di’awer from the inside of the wall and 
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transfers the little one to the caie of the matron. Every infant is 
•^subjected to a method by which its identity is permanently placed 
on record. Sex and age are entered on a legister If the age can 
not be made out — it may be infeired, for example, from the style 
of clothing vaiying from year to yeai — the time of the reception into 
the asylum aceorchng to year, month, day, and hour is noted Then 
follows a description of bodily qualities, including remarks on the 
extremities, formation of the skuU, crown of the head, birthmarks, 
and design on the fingei tips, foi later identification Emphasis is 
laid on the latter, for each Chmese mother is famihai with the finger 
marks of her new born, and as there is a high degree of probability 
that a baby temporarily placed in the care of the asylum owing to 
(hstressed circumstances of the family wiU be claimed at a later 
time, this identification system is carefully kept up. The Chinese 
seem to be acquainted with the essential characteristics of finger 
marks. What m the technical language of our system is called 
“arches” and “whoils” is styled by them lo “snail,” and our 
“loops” are designated Ici “sieve,” “wmnowing-basket ” ^ The 
former are popularly looked upon as foreboding of luck. 

Deeds of sale are sometimes signed with a fingei pirmt by the 
negotiating pai-ty We reproduce (pi 1) such a document after Th. T, 
Meadows * m preference to any other of recent date because this 
deed, executed and dated in 1839, furmshes actual evidence of the 
use of an individnol finger rnipression an China before the system was 
developed in Europe The transaction m question is the disposal 
of a plot of cultivated land for which a sum of 64 taels and 6 mace was 
paid. The receipt of the full value of this amount is acloiowledged 
by the head of the family selling the land, in this case the mother ni^e 
Ch’§n whose finger prmt is headed by the words “Impression of the 
finger of the mother n^e Ch'Sn ” It js evident that Mis. Ch’6n was 
unable to wi-ite and affixed her finger print in heu of her name. Sir 
Francis Galton ^ comments on this fingei prmt in the words : ‘ ‘ The 
impression, as it appears in the woodcut, is roundish m outline, and 
was therefore made by the tip and not the bulb of the finger. Its 
surface is somewhat mottled, but there is no trace of any iidges.” 

> A brief aomenelatuio pertaining to flnget prints may lieio bo given The mimbais in imrantUeses 
refer to QUes’ CUnese-EngUslL Dictlonaiy (2tl edition) Lo win (No 7291, lit net-pattern), “the impress 
of a Anger, hand, or toot, dipped In Ink and appended as a signature to any kind of deed or othei legal iustru- 
mant " OU ym (No 13282, Ul, flnger-seal), “seal on deeds, etc , made by dipping the Unger oi hand in 
Ink and pressing it on paper.” Ilm Itung (No 6752), “to sign one's deposition, usually by dipping the 
thumb in Ink and making an Impression ol it on the paper ' ' fUen li fou (No 13133), “to verity the lines 
on ft man's Angers, inconnectlon with the Impression on a deed, etc ” Eurther, ehl mo {Tffo S006), “Aitgei- 
pattern” and hua ya (Hi to paint, 1 e , to ink and press down) are expiesslons in the sense Of our slgnatuiej 
Itm chi (No 1791), "to make a Anger print, ns a algnatuie”, cM jin (ibid ), “to identily ” 

^ Band Tenure In China ( TTonsacllOTU of the China Braitch oj the Boyal Asiatic Society, HoBglong, 
1S1S,P 12) 

, ^ * ringer BnntSi London, 1892, p 21, 
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In aU contracts of civil law Chinese cnstom demands the auto- 
graphic signatures of the conti acting parties, the middlemen, and 
the witnesses ^ Also the writer of the bond is obhged to sign his 
name at the end with the title ta% pi (“wiTtiug for another”)- If the 
seller wiite the contract out ui peison, he should sign agam at the 
end, with the addition tse pi ("self- written”) As the number of 
those able to wiite is vciy large, and as oven those who have an imper- 
fect or no knowledge of wntmg aie at least able to mite their names, 
it wiU he seen that there is little occasion for the employment of 
finger punts in such contracts Pi of Giles ^ states that title deeds 
and otliei legal mstrnments aie stdl often found to heai, m addition 
to signatures, the fingei prmts of the paitles concerned; sometunes, 
indeed, the nnpimt of the whole hand This would mdicate a sur- 
vival of the 01 iginally magical and ritualistic character of the custom 
From the fact that the signature has little oi haidly any legal 
importance, it follows that the forgery of a signature does not fall 
upder the provisions of the Penal Code. The Code of the Manchu 
dynasty provided only for the forgmg of imperial edicts and official 
seals with intent to defiaud, and punished these as capital crimes ® 
In plates 2 and 3 a Tibetan document written m the loinnmg hand 
IS reproduced It is a pionussoiy note signed by the debtor with the 
impressions from the balls of both his thumbs. The Tibetans have 
apparently derived the practice from the neighbormg Chmese, there 
is little piobahility, at least, that, to speak with HCrschel, “a pas- 
senger of tho Mongolia’ ' may have carried the suggestion to Tibet. 
The language of the Tibetans proves that this procedure is an old 
affair with them, for a seal or stamp is called t’e-mo, which is derived 
from, or identical with, the word t’e-bo, “thumb ” Sarat Chandra 
Das in his Tibcton-English Dictionary justly says that the word 
i’e~mo ongmally means the thumb oi thumb impression. We may 
hence infer that tho thumb print was the fu-st mode of signature of 
tho Tibetans, m vogue piior to the mti eduction of metal (brass, 
iron, or lead) seals which were named for the thumb prmt, as they 
were identical with the latter m the piinciple of utilization. In the 
related language of tho Lepcha, which has preserved a more ancient 
condition, we find the same expression t’e-tsu, “seal,” and even t’e 
e’%ng, “small seal,” meanmg at the same tune “little finger 
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PLATE 1 



Portion of Deed of Sale in the Year 1839 Signed with the Thumb-Print 

OF A Woman 
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Not many literary data are available withwhicb to trace the liistory 
of the Ikiger-pniit system in China Indeed, it is strilsdng that we do 
not find m any author a clear description of it and its application 
The physicians, in their exposition of the anatomy of the human 
body, do not allude to it, and it is ceitain that it was not anatomical 
or medical studies which called it into existence It formed part of 
the domain of folklore, but not of scholarly eruchtion. In a society 
where learning was so highly esteemed and writing was almost wor- 
shiped as a fetich there was little chance for the development of a 
process from which only the ihiterato class could derive a benefit 
An ingenious system of talhes and a lughly orgamzed system of 
official and private seals regulated by Government statutes took the 
function of venfication The personal signature never had any great 
importance in pubhc or private transactions, and the style of hand- 
writing as individually differentiated in China as among us would 
always allow of a perfectly safe identification We have most suc- 
cessfully applied the finger-print system in two phases of our social 
life — in banking tiansactions and in the detection of cnmmals. 
These two institutions move on entnely different hues of organization 
in China, and for this reason finger prmts never were a reiil necessity 
there The Chinese banking system does not require any signature, 
and could accordmgly introduce no substitute for it A bank in 
China issues to its depositor a pass book of miniature size consisting 
of a long continuous sheet of paper folded in pages and held together 
by two stiff blue covers The entire book may, therefore, be unfolded 
at once and exlnbit the credits and debits at a glance Every deposit 
is entered, with the date, by a cleik of the establisliment, and should 
the depositor wish to draw a sum, he oarnes or sends his book to the 
banlc, which, on payment of the amount, charges it against lum by 
entry m the same book. Theie is no check system If the customer 
would make payment to a third pemon, the procedure is the same. 
The draft system, which is highly developed in China, worls avsU 
without a stroke of the brush being involved on the part of the peison 
to whose credit the draft is issued Mi’. N. orders a draft fi’om a 
Peldng bank, payable in liis name, at a bank in Si-ngail fu. The 
Pe king house wi-ites the document out on a rectangular paper bill 
containing the same' matter on the right and left sides, one column 
of wi’iting running exactly down the center. The dof’ument is -dmu 
evenly divided into halves, the vertical column of cbarHclcis bi'ing 
cut though in the middle. Mr. N wdl receive the right iudf, while 
the loft half vdll be forwarded m the mad by the Poking biiiik (o 
Si-ngan fu On lu rival ihoie Mr. N wdl present his part of the 
documerd, whicii vdl be ciin'fuUy checked oiT wrh flie other half, 
and if boill me found out on close examin.iUon i.o (ally, the draft 
will be houorod, no lecc'ipt, and signature on itie pur’i. of Mr N being 
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required The fact that both halves of the di’aft are in the hands of 
the Si-ngan fu bankei is legal proof for the transaction haying been'*' 
closed It 18 easy to see that this system la the natural offshoot of 
the ancient tallies in wood and niotal Tn regard to cnrmnal pei- 
secntion we must remember that cnnio had uevei assumed vast pio- 
portions in Cluna, that detection and captuio were comparatively 
easy, and that anj^hing like a cnniinal science was not requiied for 
a patriarchal orgamzation of government^ Those aie the leasons 
why the Climese, though well acquainted with the character and 
sigmficance of finger prints, chd not develop them into a system; 
why they chd not enter much into the speculations of their scholars, 
and why the records conoermng them are brief and sparse 

The poet Su Shi (1036-1101) avails himself metaphorically of the 
expression “the whorls (snails) on the fingers” in the verso 

“Ngan, King of Ts’i, found on the bank of a iivcr a fine stone 
vemed like finger marks ” ^ 

Duimg the Sung period (960-1278 A D ) finger prints were taken 
in wax. This fact is reported by Wang Fu, the authoi of the 
Po I'u t’% lu, the well-known catalogue of ancient bronzes first pub- 
lished m 1107 A. D. In chapter 6, p 30, of this work, a bronze 
wme-cup of the Chou period is illustrated, on one side of which four 
large finger-shaped grooves appear, closely ]omod and looking like 
the fingers of a hand The author explains the presence of these 
finger marks by saying that the ancients feared to drop such a vessel 
from their hands and therefore held it with a firm grip of their fin- 
gers m these grooves, "m ordei to mdicate that they were cai’eful to 
observe the rules of propriety ’’ “At the present time," Wang Fu 
concludes, "finger marks are reproduced by means of wax, and are 
simply effected by pressing the fingers into wax.” 

Kia Kung-yen, an author of the T’ang period, who wrote about the 
year 650 A D , makes a distinct allusion to finger impressions 
employed in his time for purposes of identification. He comments 
on the wooden tallies used m ancient times (before the invention of 
rag paper) — that is, a pam of wooden tablets on which the contract 
was inscribed Each of the contracting parties received such, a 
tablet, and notches were cut in the side of each tablet in identical 
places so that the two documents could be matched and easily verified. 
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In explaining tins ancient practice to Ins conntrjrmen, Kia Kung- 
^^en remarks "The significance of these notches is the same as that 
of the finger prints (hua clii) of the present trnie.” This comparison 
sufficiently shows that finger punts were utffized in the ago of the 
T'ang dynasty (618-906), and not only this, but also that it was 
them purpose to establish the identity of a person. In the same 
manner, the author means to say, as the notches of the tallies served 
for the veiification of a contract concluded between two persons, so 
the finger prints on two wiitten contracts of the same tenor had the 
function of proving the identity of the contractors ^ 

The existence of the finger print system in the T’ang period (618- 
906) IS confiimed by the contemporaneous account of the Arabic 
merchant Soleiman who made several voyages to India and China, 
and left an interestmg series of notes on both countries written m 
851 A. D. It has been translated by M. Keinaud (Relation des voy- 
ages faits par les Arabes et les Persans dans i’Inde et k la Chine, 
Pans, 1845) where it is said (Vol I, p 42) "The Chinese respect 
justice in their transactions and in 3 udicial proceedmgs. Dffien 
anybody lends a sum of money to another, he writes a biU to this 
effect The debtor, on his part, drafts a biU and maika it ivith two 
of his fingers united, the middle finger and the index The two bills 
are jomed together and folded, some characters being written on the 
spot separating them; then, they are unfolded and the lender re- 
ceives the hill by which the borrower acknowledges his debt.” This 
biU was legally lecognized and served to the creditor in the court as 
an instrument proving the validity of the debt. It will be recog- 
nized that the process described by our Arabic informant in the 
nmth century is identical with the modem system of bank drafts, as 
outhned above, except that the finger prints of the debtor were 
affix ed to the document in the T’ang pel’iod. 

In regard to the prevalence of the finger-prmt system in Chma 
during the T’ang period, K. Minakawa has furnished a valuable 
piece of information ChOryo Katsurakawa, the J apanese antiquary 
(1754-1808), writes on the subject as follows; 

According to the “Domestic Law” (Kotei), to divorce the wife the husband must 
give her a document atatmg winch of the seven reasons for divorce was assigned for 
the action * * All letters must be m tlie husband’s handwritmg, but in case 
he does not understand how to wnte he should sign witli a finger pnnt An ancient 
commentary on this passage is “In case a husband can not write, let him hire another 

, ; , i ii< * Hi and after the husband’s name sign with hia own 

. > . ■ ‘ ■ ns is the first mention m Japanese literature of the flngeri 

print method 

. , ■— ■ " ■ ■ - -- . 

1 ComriMf E Chavwvnes, L«s llvres chinols av&nt t’lnToatlon du paplot, p SO, (Rsprlnttrotn Joiirnti 

L5ii P- 1 ^ i‘ ) 
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This ' 'Domestic Law’^ forms a part of the ‘ ‘Laws of Taiho,” enacted 
in 702 A. D. With some exceptions, the mam points of these laws'^ 
were bon’owed from the Chinese “Laws of yuiig-hiii” (650-655 
A D.); so it appears, in the judgment of Minakata, that the Chinese 
of the seventh ccntui’y had already acquired the finger-print method. 

It IS veiy likely that the Chinese code of the T’ang dynasty and 
the abundant Chinese law literature vnll yield more mformation 
on this question 

Some ivritors hare supposed on merely speculative grounds a 
connection between finger prints and palmistry. Gabon ^ remarlrs 
on this point 

The European practitionere of palmistry and cheiromancy do not seem to 
have paid particular attention to the ndgea with which we are coiiceined A 
correspondent of the American jnuiual, Science, ’volume 8, pago IGfi, states, howevei, 
tliat the Clunoae claea tlie alrim at the ends of flic fingers into “pots” when airangod 
m a coil and into “hooks ” They are also regarded by the chouomanljsts in Japan 

K. Mmakata (1 c , p 200) makes the following statement. 

That the Chinese have paid nunute attention to tho finger fuiTows is well attested 
by tile classified illustrations given of tliem in the household Td-tsAli-tsd — the “Great 
Miscellany” of magic and di-vunation— with the end of foietelling the predestmed 
and hence unchanging fortunes , and as the art of chiromancy is alluded to in a political 
easay written m the third century B C (Han-fei-tse, XVII), we have reason to sup- 
pose that tho Chinese in such early times had already conceived, it not perceived, 
the “forever unchanging” furrows on the finger tips 

But close research of this subject does not bear out this alleged 
fact. The fact is that m the Ckmese system of palmistry the hues 
ou the bulbs of the fingers are not at aU considered, and that Chinese 
palmistry is not based on any anatomical considerations of the hand 
but is merely a projection of astrological notions. Wo have an 
excellent investigation of this tedious and wearisome subject by 
G. Dumoutier,^ further by Stewart Culm,^ by H Dor6,* and finally 
by H. A Giles ® Not one of these four authors makes any mention 
of the stnse on tho finger tips, and I am myself unable to find any- 
thing to this eftect in Chinese books on the subject It is qmte 
evident to me that Chmese finger prmts do not trace their origin 
from the field of palmistiy bib are associated, ' as will be shown 
farther on, mth another range of religious ideas. I do not doubt 
the antiquity of palmistiy in China, though the date B. C. 3000, 
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tified We must remember, also, that no system of palmistiy has 
■^en handed down to us from ancient tunes; we merely know the 
fact that the practice itself existed at an earlj’" date. The philpsopher 
Wang Ch’ung, who wrote m 82 or 83 A D., states in regard to palm- 
isters that they examine the left palm, but neglect the right one, 
because the Imes of the former are decisive, whereas diviners turn to 
the right side and neglect the loft one, because the former are 
conclusive ^ 

The view of the independence of’ finger prints from palmistry is by 
no means contradicted by the followmg statement of A. H. Smith ^ 

The Chiueae, like the gypsies and many other peoples, tell fortunes hy the lines 
upon the inside of the fingers The circular Btnse upon the finger taps are called tou, 
a peck, while those which are curved, without forming a circle are etyled li, being 
supposed to resemble a dustpan Hence the following saying “One peck, poor, 
two pecks, rich, three pecks, four pecks, open a pawnshop, five pecks, be a go- 
between; six pecks, be a thief, seven pecks, meet calamities, eight pecks, eat chaff, 
nine pecks and one dustpan, no work to do — eat till you are old ” 

This IS neither fortune telhng nor palmistry, but harmless jocular 
play which merely goes to prove that the striss on the finger bulbs 
are noticed by the people and made the object of slight reflections. 
The above saying belongs to a well-known category of folklore 
which may be described under the title "counting out.” 

We alluded above to the hand stamp and its fundamental dif- 
ference from finger piints in that it is unsuitable for identification. 
Let us now enter more particularly into this subject. 

W. G. Aston ® has given three examples of the use of the hand 
stamp m the East In the Chinese novel SJiui hu chuan of the 
thirteenth century a writing of divorce is authenticated by the 
husband stamping on it the impress of his hand smeared with ink * 
In Japan, deeds, notes of hand, certificates, and other documents to 


I A Yorlce, Ltm-h6ng, I'art II (Berlin, 1911), p 276 —Many Ideas of Chmesopdinlatry are dlrootly Ijor- 
rowed from India Prominent among these is the exaltation of long arms reaching down to thalmoes, 
which appears among theheauty marks of the Buddha and Is in fact on ancient Aryan conception of the 
mior(A Griinwedol, Buddhist Art la India, p 162; Laufar, I>okumente,pp 166,167) With the Indians 
as with the Persians, this is an old mark of noble birth (compare the name Zongimanus, old Persian 
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be used aa proofs were formerly sealed m tbis way, a practice 
which the word tegata Qiand shape) still used of such papers remans 
to testify Documents are in existence in which Mikados have 
authenticated them signatures by an impression of their hand in red 
ink ‘ 

In the religious beliefs of the Tibetans impressions fiom the hands 
and feet of samts play an extensive rble These notions were appai- 
ently deiived with Buddhism fiom India In the Himalayan region 
of southern Tibet the pious believers are still shown foot impnnts 
left by the famous mystic, ascetic, and poet, Milaraspa (1038-1122), 
and m an attractive book contammg his legends and songs many 
accounts of this kind are given By "Traces of the Snowshoes” is 
still designated a bowlder on which he performed a dance and left 
the traces of his feet and staff, and the fames attendmg on the soli- 
tary recluse marked the rocks with their footprints * In the hfe of the 
Lama Byams-chn C’os-rje (1353-1434), who visited China at the invi- 
tation of the Emperor Yimg-lo (1398-1419), of the Mmg dynasty, it 
is nai rated that when he was dwellmg on the sacred Mount Wu-t’ai, 
in Shansi Province, ho showed a miracle by kneadmg a solid, hard blue 
stone like soft clay and leaving on it an impression of his hand, which 
astounded all inhabitants of that region “ The fourth Dalai Lama, 
Yon-tan rgya-mts’o (1588-1615) produced on a stone the onthues of 
his foot ^ In Tibet I myself had occasion to see, in the possession of a 
layman, an impression on silk of the hand of the Pan-c’cn rin-po-c’e, 
the hierarch lesidmg at Tashi-Umn-po At least it was so ascribed 
to hun, hut the hand was almost twice as large as an ordmary human 
hand, and the vermilion color with which it was printed from a wooden 
block lent it a ghastly appearance These talismans are sold to the 
faithful at goodly puces and secure for them the permanent blessings 
of the sacred hand of the pontifex, 

I Bed Ink, as lii many Chi ncse religious ceremonies, evidently is here a motaphoneal substitute for Wood, 
and the act of the Mikado retains Its purely nugloal character H SpBrry CDas Stempelwesen in Japan, 
p 18) remaits that the itgata Is found on anolcnt documents usually In red, but also In hlaofc, It seems 
that they ■were chiefly employed on instruments of donations to temples, Tvlthout having properly the 
sense and oharaotor of a signature Sheets at white or red paper with the Imprint of the left hand of the 
husband and the right hand of the wife are pasted over the doors of houses as charms against smallpox 
and other iutoctlous diseases Giles (Adversaria Sinloa, No 6, p 1S4) narrates the following atoty “A 
favorite oonoubine of the Emperor Ming Hueng (7IS-756 A, U ) having several times dreamed that she 
was Invited by some man to take wine with him on tho sly, spoke about it to the Emperor ^Thls Is the 
work of some maglolau,’ said his Majesty, 'next time you go, take oare to leave behind you some record ‘ 
That very night she had the same dream, and acoordmgly she seized the opportunity of putting her hand 
on an ink slab and then pressing it on a screen When she awaked, she described what had happened, 
and on a secret examination being made, the imprint ol her hand was actually found in the Dawh-in* 
liyEest Pavilion outside the palace The magician, however, was nowhere to be seen ” In regard to the 
same woman, Yang KueWol, another aueodote is told to the efieot that she oner v +• -. * 

peonies with her fingers dipped into rouge, whereupon tho coming year, altar the ' > i. 

planted, red traces ol her linger prints ware visible on the opening blossoms (compare r n win yunfu,, 
oh 75, p. 19). 

> Laufar, Aus dan Qesohiohten und Lledem dea Mliaiaspa, pp, 2, 16 {Dmkschrtften Wtener Aiaimia, 
1902), andArcMs/flc ScltgUmmisasnscha]t,'vo\. i, 1901, pp. 23, 42. 

> Q. Euth, Gesohiehto des Buddbismus in der Mongolel, Vol II, Strassburg, 1866, p 196, 

<Ibld.,p 245. 
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The use of the hand m sealing documents is by no means restricted 
tb Chuia and Japan It occurred as well in •western Asia Malcolm,^ 
in describing the conquests of Timur, states 

The officeis ol the conqueioi’s aimy weie appointed to the chai'ge o£ the diffeient 
piovmces and citiea which had been subdued, and on then commissions, instead of a 
seal, an impi easion of a i od hand was stamped , a Tartai usage, that niaiked the mannei 
in whir h the terntoiies had been taken, as 'well as that in which it was intended they 
should be governed 

The s3unholisin of the hand is beie clearly set forth, it was a political 
emblem of conquest and subjugation W Simpson ^ received, at 
Constantinople, the information that in eaily times when the Sultan 
had to ratify a treaty a sheep was killed, whereupon he put his hand 
into the blood, and pressed it on the document as his "hand and 
seal.” ® 

The foot impressions attributed m Incha by popular belief to Bud- 
dha or Vishnu are well kuown. They occm, likewise, on the mega- 
lithic tombs of western Europe and m petroglyphs of upper Egypt 
Like-wise the numerous representations of hands m the European 
paleolithic caves ^ should be called to min d Only vague guesses 
can be made as to their original meanmg,® and they may be altogether 
different from the hand stamps much later in point of time. But 
these various examples of the occurrence of hand representations m 
different parts of the world should admomsh us to exercise precaution 
m framing hasty conclusions as to hand impressions leading to finger 
prints m Chma. The former occur outside of China where no finger 
prmts ai'e in use, and do not pretend to serve for identification, nor 
can they answer this puipose. They have a purely religious sigaifi- 
cancG, they may symbolize pohtical power or subjugation or become 
the emblem of a cult 

K. Mmakata, at the suggestion of his friend Teitaro Nakamura, 
believed that possibly the ''finger stamp” was merely a simplified 
form of the "hand stamp” This view, m his opmion applies 
equally wqll to the case of the Chmeso, foi they stiU use the name 
"hand pattern” for the finger prmt® This theory is untenable, 
if for no other reason than that the thumb prmt, as will be shown by 
actual archeological evidence, is very much older in Chma than the 
hand impression. The two Japanese, however, may have had a cor- 
rect feeling in this matter which they were unable to express m words, 

1 History ol Persia, 'V'ol I, p 485 

^ Journal Xoi/al Amalia Society, vo\ 21, p 309 

3 The design of a hand Is found also on Persian engraved gems of the Sassanian period (226-841 A, P ) 
See E Thomas, Sassanian Mint Monograms and Gems {Journal JtOyal Asiatic Society, vol 13, 1852, PL 3, 
No. 61) 

* P Regnault, Empretntea de mains humaloes dans la grotte de Gargaa {Bulletins el Miraoires Sociiti 
d’ t jfr d- » 1CC8 Vc’ l.pp 231-1) 

Co "p <’ g u V. like SnjM' ij>.‘ j_c M'gi I iJi'Mir, Wtlrzburg, 1912, p, 14S 

' «ii,L 'r.ti.. r "i-'-'o • jTi.'' i< . ex “e--. -i.i “hand pattern" only means what it implies, 
an lippresSioia taken from the palm, but never a linger print 
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or to prove properly. If the finger print has not been evolved from^V^ 
the hand print, nor the latter from the former, there is a certain degree 
of inward relationship between, the two; both are coexisting phe- 
nomena resting on a common psychological basis In order to pene- 
trato into the beginnings and original significance of finger prmta, 
it is necessaiy to consider another subject, that of seals. 

The antiquarian histoi-y of Chmese seals begnis with the famous 
seal of the fiist Emperor Ts’m Sin (B C. 240-210) This was carved 
from white jade obtamed at Lan-t’ion m Shensi Province and is said 
to have contained the inscription "Havuig leceivod the mandate of 
Heaven, I am m possession of longevity and eternal prosperity ” 

It was, accordmgly, the emblem of sovereignty confeiTed by Heaven 
on the Emperor ‘ The word which had up to that date served 
for the desigH-iation of any seal, was henceforth reserved as the exclu- 
sive name of the imperial seal; in other words, a taboo was placed 
on it. Furthermore the character used in writing this word imder- 
went a change the symbol for “jade” (y^l) entermg into its composi- 
tion, together with a phonetic element, was substituted for the pre- 
vious symbol “earth” (fv.) The latter word denotes also clay, so 
that we arc allowed to infer that prior to the time of the jade seal of 
Ts’m Shi seals were ordinarily made of clay 
The common name for these clay seals isfSng ni,^ and they were 
utilized especially m sealing documents which were vnitteu at that 
time on slips of bamboo or wood After the age of Emperor Wu 
(B 0. 156-87) of the Former Han dynasty they fell into disuse, 
but during his reign they were stdl employed, as attested by the 
biographies of the Gens Chang Khen and Su Wu. A Stem ^ has 
discovered a large number of such tablets with clay seals attached 
to them in the rums of Turkistan. A number of ancient clay seals 
havmg been discovered also on Chmese soil, particulaxly in the , 
provinces of Shensi and Honan, they could not escape the attention 
of the native archeologists. One of these, Liu T’ie-yiin, published 
at Shanghai in 1904 a small work m four volumes under the title 
T’le-yUn ts'ang t'ao, “Clay Pieces from the Collection of T’le-ytin.” 
Those volumes contain facsimiles of a number of clay seals as an- 
ciently employed for sealmg official latteis and packages ® Tfie sub- 
ject, liowever, is not investigated, and no identifications of the char- 
acters of old script with their modern forms are given Their deci- 
pherment IS difficult and remnms a task for the future A few such 
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j clay seals secured by me at Si-ngan fu are likely to furnish an ini- 
”■ portant contribution to the early histoiy of the fingei -print system. 

The seal was considered in ancient China as a magical object 
suitable to combat or to dispel evil spirits, and the figures of tigers, 
tortoises, and monsters by which the metal seals were surmounted 
had the function of actmg as charms We read m Pao-p’o-tse ^ that 
in olden times people traveling in mountamous regions carried m 
their girclles a white seal 4 inches wide, covered with tlie design of 
the Yellow Spirit and 120 characters This seal was impressed into 
clay at the place where they stopped for the night, each of the 
party made 100 steps into the four directions of the compass, with 
the effect that tigers and wolves did not dare approach. Jade 
boxes, and even the doors of the palaces, were sealed by means of 
clay seals to shut out the bifluence of devils. Numerous are the 
stones regardmg Buddhist and Taoist priests performing mn-acles 
with the assistance of a magical seal. 

On plate 4 six such clay seals fiom the collection of the Field 
Museum are illustiatod The most mterestmg of these is that shown 
in figure 2, consisting of a hard, giay baked clay, and displaying a 
thumb impression with the ridges m firm, clear, and perfect outlines, 
its greatest length and -width hemg 2 5 cm It is out of the question 
that this iraprmt is due to a mere accident caused by the handling of 
the clay piece, for in that ease we should see only famt and, imperfect 
traces of the finger marks, quite msufficient for the purpose of identi- 
fication. This mapression, however, is ‘ deep and sunk into the 
surface of the clay seal and beyond any doubt was effected with 
intentional energy and determination Besides this technical pi oof 
there is the mward e-vidence of the presence of a seal bearmg the 
name of the owner m an archaic form of characters on the opposite 
side This seal, 1 cm wide and 1 2 cm long, countersunk 4 nma. 
below the surface, is exactly opposite the thumb mark, -a fact 
clearly pomting to the mtimate affiliation between the two. In 
reasonmg the case out logically, there is no othei significance possible 
than that the thumb prmt belongs to the owner of the seal who has 
his name on the obverse and his identification mark on the reverse,, 
the latter e-vidently serving for the pui-pose of estabbshmg the identity 
of the seal. Tins case, therefore, is somewhat analogous to the 
modem practice of afibang on title deeds the thumb print to the 
signature, the one being verified by the other. This unique speci- 
men IS the oldest document so far on record relatmg to the history of 
the fiugpr-print system I do not -wish to enter here into a discus- 
I Sion (h the exact peiiod from i\luch it comes down, whether the Chou 

f I'Ki^si '■■lui K<i llti’ii, who tliodaroundSaO A D.attheogeof 81. 
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penocl or the Former Han dynasty is involved, this question is irrele- 
vant, at all events it may be stated confidently that this object, like *' 
other clay seals, was made in the pre-Christian era An examination 
of other pieces may reveal some of the rehgious ideas underlymg the 
application of the thumb pimt Many clay seals are freely fashioned 
by means of the fingei and exhibit strange relations to these organs. 
The finger shape of the two seals in figures 6 and 7 on plate 4 is 
obvious Our illustration shows the lower uiunscnbed sides, while 
the name is impressed by means of a wooden mold on the upper side, 
Exammation of these two pieces brmgs out the fact that they were 
shaped from the upper portion of the small finger, and further from 
the back of the finger The lower rounded portion of the obj'eot in 
figure 7 is evidently the nail of the small finger which was pressed 
agamst the wot clay lump, the seal has just the length of the first 
finger jomt (2 6 cm long), tho clay mold follows the round shape of 
the lingei, and the edges coiled up aftei bakmg Tho Imes of the 
skm, to become visible, were someivhat grossly enlarged m the 
impression. The clay seal in figure 6 (2 4 cm long)j I beheve, was 
fashioned over the midelle jomt of the small finger of a male adult, 
the two jomts at the upper and lower end of the seal bemg flattened 
out a httle by pressure on the clay, and the Imes of the epidermis 
bemg artificially inserted between them The seal m figure 5, of 
red-burnt clay, with four characters on the opposite side (not illus- 
trated), was likewise modeled from the bulb of the thumb by pressure 
of the left side against a lump of clay which has partially remaUied as 
a ridge adhering to the surface. The lattei was smoothed by means 
of a flat stick so that no fingei maiks could suivive The groove m ' 
the lower part is accidental. Another square clay seal m our collection 
(No 117032) has hkewise a smoothed lower face, but a sbaip mark 
from the thumb nail in it. These various processes suffice to show 
that tho primary and essential point in these clay seals was a certain 
sympathetic relation to the fingers of the owner of the seal Here 
we must call to mmd that the seal m its origm was the outcome of 
magical ideas, and that, accoidmg to Chinese notions, it is the pledge 
for a pemon’s good faith, indeed, the word yin, “seal,” is ox^ilaincd 
by the word sin, “faith ” * The man attestmg a document sacrificed 
figuratively part of his body under his oath that the statemenis 
made by him were true, or that the piomise of a certain, obhgation 
would be kept The seal assumed the shape of a bodily mombor; 
indeed, it was i mm ediately copied from it and imbued with the flesh 
and blood of the owner. It was under the sway of those notions of 
magic that the mysterious, unchangeable furrows on the finger bulbs 
came into nrommence and received their impoitance They not 

' ij iliruuit? j 7 K IV v)To Li u’liaiu t''i' u<i v.rtl only this one 

t'idi idi'm ’’iv. .u'b ' jo\ Cwi.7'ms nl * « ui u ' 2 r of ^jiai -'I ci »;» siu'-i < 
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only contributed to identify an individual unmistakably but also 
presented a tangible essence of the individuality and lent a spintual 
or magical force to the written word 
FmaUy, I should like, m this connection to call attention to a pecu- 
liar method of pamtmg practiced by the artists of China, in which 
the brush is altogether discarded and only the tips of the fingers are 
employed in applying the ink to the paper This specialty is widely 
known in China under the name clit hua, which literally means 
“finger painting,” and stdl evokes the highest admu’atioii on the 
part of the Chmese public, being judged as far superior to brush 
paintmg The fii’st artist to have cultivated this peculiar style, ac- 
cordmg to Chinese traditions, was Chang Tsao, m the eighth or ninth 
century, of whom it is said that “he used a bald brush, or would 
smear color on the silk with his hand ” ^ Under the Manchu dy- 
nasty, Kao K'l-pei, who lived at the end of the seventeenth and in 
the first part of the eighteenth century, was the best representative 
of this art. “His finger pam tings were so cleverly done that they 
could scarcely be distinguished from work done with the brush; they 
were highly appreciated by his contemporaries,” says Hirth On 
plates 4 and 5 two inlc sketches by this artist m the collection of the 
Field Museum arc reproduced. Both are expressly stated in the 
accompanymg legends written by the painter’s own hand to have 
been executed with his fingers The one representing two hawlm 
fluttering around a tree trunk is dated 1685; the other presents the 
remhiiscence of an mstantaneous observation, a sort of flashlight 
picture of a huge sea fish stretchmg its head out of the waves for a 
few seconds and spurting forth a stream of water from its jaws. 
The large monochrome drawmg shown on plate 6 — cranes in a lotus 
pond by Yo Yu-sun — is likewise attested as hemg a finger sketch 
{chi mo), and the painter seems to prove that he really has his art at 
his fingers’ ends Hirth is inclmed to regard this technique “ratlier 
a special sport than a serious branch of the art,’’ and practiced “as 
a specialty or for occasional amusement ” There was a tune when 
. I felt tempted to accept this view, and to look upon finger painting 
as an eccentric whim of the vh’tuosos of a decadent art who for lack 
of inner resources endeavored to bum incense to their personal 
vanity. But if Chang Tsao really was the father of this ai’t, at a 
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in the passage quoted from Kia Kung-yen, is the phrase for “making 
a finger impression ” in the T’ ang period, and the same words reversed 
in them position, cM Ima, mean “finger pamtmg” or “pamtcd with 
the finger ” It seems to me that also in finger pamting the idea of 
magic was prevalent at the outset, and that the artist, by the imme- 
diate bodily touch with the paper or silk, was enabled to instill part of 
his soul into his work Eventually we might even go a step farther 
and make bold to say that finger pamtmg, in general, is a most 
ancient and pnnutive method of di’awing and pamtmg, one practiced 
long before the invention m the thu'd century B C of the wntmg 
brush of animal hau’, and the older wooden stylus The hand, with 
its versatile organs of fingers, was the earliest implement utilized by 
man, and the later artistic finger pamtmg might well be explamcd as 
the inheritance of a primeval age revived under suggestions and im- 
pressions received from the fiiigor-prmt system. 



URBANISM: A HISTORIC, GEOGRAPHIC, AND ECONOMIC 

STUDY.i 


By PlBERB ClEROET, 

Pro/eswr at the High School of Commerce, Lijon, France 


I ANCIENT CITIES 

“We sRould not have the idea of ancient cities,” writes Fustel of 
Conlanges, ‘ ‘ that we have of those we see hudt in our day A few 
houses are erected and that is a vdlage, the number of houses is 
gradually mcreased and it becomes a city; and we finish it, if there 
be room, by surrounding it with a moat and a wall Among the 
ancients a city was not formed in course of tune by a slow mcrease 
in the number of inhabitants and buddings, but they constructed it 
at once, complete almost in a day.” ® The first need of the founder was 
to choose a site for the new city, but the choice was always left to the 
decision of the gods Around the altar, which became the shrine 
of the city, were built the houses, “just as a dweUmg is erected around 
the domestic fii’eside ” The boundary, traced acooiding to a religious 
rite, was inviolable. This ceremony of founding the cit}’’ was not 
forgotten, and each year they celebrated its anniversaiy Every 
ancient city was first of all a sanctuary 
Rome, m particular, was created hi that way. One of the remark- 
able traits of her politics was that she attracted to herself all the 
cults of conquered peoples, and this was the chief way through which 
she succeeded in increasing her population. She brought to herself 
the inhabitants of conquered cities and httle by httlo she made 
Romans of them, each of them being permitted to exercise his cult; 
this liberty Was enough to retain them theie 
At a time when statistics were unloiown we are left, by lack of 
accui'ate figures, to rely for mformation upon some very uncertain 
and probably exaggerated estimates by ancient historians Beloeh, 
cited by M. de Foville, gives 800,000 iohabitants to Rome in the 
reign of Augustus, Young estimates Carthage imder the Empire at 
700,000; SohmoUer gives 600,000 to 700,000 inhabitants to ancient 

1 Translated, by permission, from Bnllatln de la SooWtd Ncuchateloise de G&)graplilB, yol. 20, 1809-10, i 
pp 213-231 Neuelmtol, STOtzailand, IBIO 

^ * SVstel de Coulanges' La eltS antique, 17““ ddlt, Faria, Hachetto, 1000, p 151 
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Alexandria, 600,000 to Seleucia, and 100,000 to Antiocli and Per- 
gamis « 

In Greece the origin of cities Was due to the same religious motive, 
but “the topography of the countiy, the charactenstics of the race, 
the social and pohtical status, all united m tunung that country 
toward trades and manufactures, commerce, navigation, colonization, 
and everywhere gave birth to cities which, like Miletis, Chakis, 
Corinth, iEgma, and later, Athens, found m the new Ways, riches and 
fame It produced there, m bnef, from the seventh* to the fom’th 
centuries before Chi’ist, a phenomenon comparable to what we see 
to-day among modern peoples.”^ In Greece it was chiefly through 
slaveiy that the cities increased in their way the number of inhab- 
itants. It was Chios, a maritime city, that first mtrodiicod foreign 
slaves among them Its example was imitated by cities which had 
hke needs, and there was thus organized “a steady stream of immi- 
gration, which brought from all the Orient mto Greece an abundance 
of workmen ” * The population of ancient cities also moluded a great 
number of foreigners (mStfeqnes) wbo, having abandoned their native 
land with no hope of return, consecrated themselves to the trades 
and to commerce. At Athens, toward the end of the fifth contuiy 
before Christ, the mStequea and the freedmen reached the number of 
100,000, as opposed to 120,000 citizens. Prosperity was then directly 
proportionate to the abundance of handwork, for the arm was the only 
force employed; but from the day when work and money faded them 
the cities decreased in population. Such was Greece durmg the 
second and first centuries before Christ. “Thebes,” writes Strabo, 
“was only a market town and the other cities of Boeotia showed 
the same declme,” 

Before the Mediterranean epoch, vfhere the principal seats of civil- 
ization were represented simultaneously or m turn by the great oli- 
garchies, Phenician, Carthagmian, Greek, and Italian — and we 
might repeat for Tyre and Carthage what we have said of Grecian 
cities — ^were placed the four great civilizations of high antiquity 
which all flom-ished in navigable regions. “Ploangho and Yangfcze- 
Kiang,” writes L. Metchmkoff, “flowed through the primitive do- 
main of Chmese civilization; Vedique, India, was likewise cut by the 
basins of the Indus and the Ganges; the Assyro-Babyloman mon- 
archies spread over a vast country of which the Tigris and the 
Euphrates formed the two vital arteries; Egypt, finally, as Herod- 
otus' has said, was a gift, a present, a creation, of the Nile.” ® From 
Nineveh, on the Tigris, Assyrian civilization was earned to Babylon 


1 Paul Gulraud. iltadea dcononjlques but I’antniultd Paris, Haohette, 1905, p 127 
• Paul Guiraud, op oit 

> Ldon MatolmllfoS, La olvUtotlon et loa grands fleuvea lifstoriquea Paris, Haolistte, 1889 
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on the Euphrates, to letui’n to Seleucia on the Tigris Even to-day 
-.all the rivers bring together the most intense economic life 

M Paul Mougeolle has vn.th leason remaiked that at each succes- 
sive period of the general history of the Western Empire the prmcipal 
centers of civihzation have extended farther and farther from the 
Tropics towaid the polar ou’cle ^ This is shown by the following 
table 

riKST PEHlOn 



North 

latitude 

Inhabi- 

tants 


North 

latitude 

Inhabi- 

tants 

Thebes 

O t 

2^ 43 

(2, 400) 

Our 

o t 

dfl 64 


Memphis 

30 00 

(800) 

Susa 

32 00 

(71) 

Meroc 

17 00 


Babylon 

32 SO 

(50,000) 




Nineveh 

36 lb 

(743) 

Average 

24 14 


Average 

32 67 



SECOND PERIOD 


' 

North 

1 letl- 
' tude 

Inhabi- 

tants 


North 

lati- 

tude 

Inhabi- 

tants 

1 


North 

lati- 

tude 

Tyie 

• / 

33 15 

(57) 

Cartilage 

9 ! 

37 36 

! 

'(3,800) 

Cordova 

O / 

37 62 

Athens 

37 68 

(190) 

Rome . 

41 64 

(1,188) 

Toledo 

39 63 

Byzance 

41 00 


Florence 

43 57 




Average 

37 24 


A\ erage 

41 6 


A\ erage 

38 62 


THIRD PERIOD 


Paris. 

48 50 

(7,802) 


m 

MQ 



Ltmdon 

61 31 

(30,600) 






Average 





1 




In many ancient cities agnculture surpassed mdustnal and 
commercial activities Everywhere within the ancient cities were 
found common pasturage lands, as at Palmyra, and it was the Same 
in many old medieval cities m France (Douai, Amiens, Aurillac, 
Dole, etc ), m England, in Germany, and m Italy. Not only were 
the inhabitants of the cities agriculturists, possessing fields outside 
the cities, but urban space itself was in great part imder cultivation. 
The ancient wntmgs make frequent mention of wide cultivated 
tracts or of agricultural undertafcmga. These are chiefly gardens 
and vmeyards, but mention of arable fields are not rare Sometimes 
these cultivated tracts serve to sepwate the various quarters of the 


» Poul Mougeolle' Statlq,ue des civilisations Paris, 1883 
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city and are an indirect proof of the Village origin of the dwellers 
there.*^ 

Among ancient peoples war was often a chronic condition and 
strifes occurred even within the cities In Rome rivalries between 
the several quarters led Mommsen to say that the city was an assem- 
blage of small urban communities rather than a city aggregated in a 
smgle body Each part of the city was fortified as much against 
other parts as agamst the common enemy In Babylon temples and 
palaces each fomed a fortress withm the city At Rlieinfelden 
strifes were frequent between the city and the chateau * 

II CITIES OF THE MIDDLE AGES 

Medieval Einope never had cities as great as those of antiquity. 
The population was more widely scattered and the causes of concen- 
tration which prevailed m the nineteenth century did not yet exist. 
Up to the year 1400, Cologne and Lubock, in Germany, alone exceeded 
about 30,000 inhabitants. Burckliardt gives 90,000 citizens to 
Florence m 1338 and 190,000 to Venice in 1422, although M de Fovdle 
thinlffi those figures are too great Schmollei estimates 50,000 to 
60,000 mhabitants m Bruges and Gand toward the end of the Middle 
Ages, and Antwerp, in the sixteenth centuiy, had about 200,000 
population. England for a long period had few cities In 1377 
London numbered 30,000 to 40,000, York 11,000, Bnstol, 9,600, 
Coventry 7,000, and at the end of the seventeenth century only two 
provincial cities, Norwich and Bristol, approached 30,000 inhabitants, 
the others remnioing below 10,000 

Aa to-day in oertam new countries, such as Australia and Argentina, 
so the cities of antiqmty were formed of “heads disproportioned to the 
bodies,” and the rural element was not necessarily important But 
this lack of equilibinmn m the “social body” did not exist in the Mid- 
dle Ages, the land commenced to be colonized and improved, slavery 
no longer existed, and serfdom attached to the land The difficulty 
of communication checked the currents of immigration, formerly 
rendered easy by the sea The market, during the greater part of 
that period, was the nucleus of the city, except when it had its origin 
in some towns of the Gauls, or from some Roman communities. In 
many cases the uiban right was one of the forms of royal or seignioral 
concessions for markets and it served to keep the population m a 
place granted. Bruges, Gand, Toumai, Valenciennes, etc, are 
purely economic creations from market centers * 

> Ben€ Maunier L’orlKlae ot la fonotion ^oottoWlque dcs villas iltuda da morpliologle sooiale Paris, 
QSratd at BrI&re, MIO, p IMo 

> Read llauiiler. Op olt , p 123 

< Cl 1 Flach, Los onglnea de ranolenjie Ftaaoa, vol 2, p 301-350 Georges Bonrgin, Les orlglnea 
UrbalnOs du moyen flgo Revue de synthfese liisiorliiue, neoember, 1003 
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Cities were bmlt either around some old Roman camp or at the 
Aiiossing of a liver, or around a church, an abbey, or fortified chateau 
The plan differed according to the origin, and extension was made 
irregnlarly, follownig the topography, or concentrically around one 
or many centeis 

Pans, the ancient Lut&oe, began on the He de la Cite Although 
that place, covered with a bed of muddy alluvia, was not at all 
suited for habitation, yet it was an island well located and specially 
favorable lor defense, bemg a direct extension of a natural stretch 
of land The right bank of the river being only an inliospitable 
marsh, Paris extended first along on the left bank and climbed up 
Mount St. Genevifeve But it is the river after all that conlmuea 
to dominate the city, thanlrs to the "Corporation des Nautes.” 
The mvasion of the Barbanans reenforced its defense; the fortified 
city gamed m importance. The Francs came, were conveited, and 
Chiistianity began m earnest the transformation whence emerged 
the Pans of the Middle Ages and of modem times Capital of France, 
she grew up with regal powei ‘ 


Year 

SeigD 

— 

Inliabltante 

363 

Julien.. . 

8,000 

510 

Clovis. . 

30,000 

1220 

Phlllppe-Augusta 

120,000 

1328. 

PhUlppe vr 

250,000 

1560 

Henry rv 

230,000 

1075 

Louis XIV 

510,000 

17S8 

Louis XVI 

.509,000 

1801 

Consulate 

548, 000 

1817 

Louis XVIII 

711,000 

1831 


786,000 

1851 


1,053,000 

1856 


1,174,000 

isai 


1,006,000 

1800 

, 

1,826,000 

1872 


1, 704, 000 

1870 


1,989,000 

1880 

. 

2,345,000 

1900 

’ 

2,763,000 


In the Middle Ages wars were frequent, and cities sought, above 
everything, positions for defense, but after they had built up the 
heights, settlements were made in the plam when relative peace 
prevailed attracted by the presence of water and fi,elds for cultiva^ 
tion. The city was often made up of two distmet elements. One 
inhabited by soldiers and agriculturists, the other by merchafits. 
“The Flemish city,” writes M Pirenue, “was made by ]ommg a 


I Matcel PoCte L’anfMits de Pima Patss, Colin, IMS, The populaUon attributed to Paris at suc- 
cessive periods is Q3 follows 
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fortress and a market place, a castnim and a portns ” This method 
prevailed in the most varied civilizations, in ancient cities as well as 
in the medieval cities of France, Germany, England, and Italy ^ 
The city of Eatisbonne, for example, was formed of three parts. 
The fii’st coutamcd the palace of the King and some convents 
(regius pagus, or royal district) , the second mcl tided the court of the 
clergy, two convents, and some merchants (pagus clori, or priestly 
distiToi), these two pai’ts together compiisod the old city (antiqua 
urbs) The thmd pait, or new city, was inhabited by the merchants 
and artisans (pagus mercatorum, or mercantile district) Military 
needs demanded places easy for defensCj some strategic points whence 
they could command the sunoundmg region; while for economic 
purposes there was needed easy communication, suitable for com- 
mercial activities Now, as M Reu6 Maumer remarks, the same 
regions very often have all these diveise quahties, for example, the 
centers and the boundaries for geographic units An mfcersection of 
roads answers best foi both needs It was for this reason that Erfurt, 
a military center at the crossroads of Thuringia, veiy quickly became 
a center of commerce Ratzel had before observed that in every 
geographical umt hfe la especially developed within these limits. 
Commercial busmess is attracted by the irontieis, and to-day indus- 
tries are spread out on the city boundary; maritime ports are moie 
and more groivmg to be industrial centers. 

In the city of the Middle Ages mdustrial activity was limited to 
local needs, it was the system of city economy to which would later 
succeed national economy Some special markets were given up 
each to a particular product, trades permanently occupied certain 
streets to which they gave th^m name You stdl find this same 
custom m cities of the Orient and m Moiocco This grouping of 
trades is easily explained either by technical or hygiemc causes still 
existmg in some cities, such as the necessity that tanners and dyers 
be near some water, that ropemakers be near some walls, or by legal 
rerpnrements, such as city tax and regulations imposed on the cor- 
poration, and the localization of trades, whereby the authorities 
maintain competition and render easier the control of merchandise.* 
In another case the trades have not all come at the same time, but 
have been successively engaged m promoting the extension of the 
city Bfinally, the professional group is not only an economic factor, 
but it is often still, accordmg to M. Renfi Maunier, a society, a brother- 
hood, which constitutes in its membership a real community of life 
and which requires that they be near together. 

In proportion as the city is developed, the trades would be multiplied 
and decentralized, they would follow the consumers and be dispersed 
with them, then, when the city ceases to be their chief market, new 


> KeaS Maumer, op olt , pp 103-151. 


» Sens Maunier, op. clt., p 2l7, 
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industries are established on the boundary and even outside the city 
Berlin has, in this way, developed industrial establishments directly 
dependent upon that city coveruig a radius of 100 kilometers There 
IS also a financial reason for this spreading out, and that is the decrease 
in average location values fiom the center toward the boundary. 

nr URBANISM IN THE NINETEENTH CENTURY 
( a ) Gboohajhical Situation 

The formation of centers of population and of ways of communica- 
tion which unite them is determined at once by conditions dependent 
on man, based on the degree of culture and on political considerations 
and by certain natural conditions, such as the nchness and lay of the 
land as well as to other factois connected with the climate ’ The 
influence of latitude is very marked If you look at the annual 
average isotheims on a map, you will see that the most important 
city aggregations of the Northern Hemisphere are grouped chiefly 
between the extreme limits of 16° C (60° F.) (St. Louis, Lisbon, Genoa, 
Rome, Constaptmople, Shanghai, Osaka, Kioto, etc ), and 4° G. 
(40° F.) (Quebec, Christzama, Stockholm, St Petersbui'g, etc.). 
The isotherm 10° C (50° F ) represents accurately enough the central 
axis of this zone, within which are found Chicago, New York, London, 
Vienna,^ etc The Tropical Zone includes only 24 cities of more than 

100.000 nihabitants, 15 of which are in Asia, 6 in America, 2 m 
Oceanica, and 1 m Africa 

High altitudes, like extreme temperatures, dimmish populations, 
which disappear completely at a certam limit In Europe the inhab- 
ited centers only exceptionally exceed an altitude of 1,500 meters (5,000 
feet) But in the Tropical Zone it is natural that populations seek 
high altitudes so as to profit by the lowermg of the temperature and to 
derive benefit from a temperate climate In Abysstma, the inhabited 
zone IS almost entirely included between 1,800 and 2,500 meters alti- 
tude Sana, in Arabia, is 2,150 meters high; Teheran (260,000 pop- 
ulation) is at a height of 1,230 meters. In Tibet, Lassa is 3,560 
meters high and Chigatze 3,620 metem. From Mexico to Chile, aside 
from some ports on the ocean, m neaily every instance you nlusfc seek 
above 2,000 metei-s for the most important cities. Mexico City at 
2,300 -meters numbers more than 300,000 inliabitants ; Quito, with 

80.000 mhabitants, is 2,850 meters high, La Paz, with 63,000 inhabi- 
tants, 2,700 meters, and Potosi, with 16,000 inhabitants, is at an 
elevation of 4,000 meters® (13,000 feet). 

IE Cammaetts J -G Kohletlag&graptile dos oommunloatlons, BuUetladelaSocntStoyalebalgede 

K ' ' 

' L-rit Go'''-'- T cs I’rrnd!!’ vtlhs de 'a ‘■"r'-p s-tn&a au-dessus da 2,000 m Ilevue do Fxlbonvg, 1903,' ‘ 
/ Jo-"'' In’ tU' fcJ ion- ..'i; -'1 below 200 maters Berlin, 25 m , Paris, 28 ja , Vienna, 

i‘7ia,i,to , , 
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The site plays a r61e notless important than the general geographical 
position. Yon can consider this from a triple pomt of yiew From 
topographical location, situation in relation to means of communica- 
tion, and geological composition The topographical pomt of view 
is sometimes of gieat importance, as when the' city must first of all 
tliink of means of defense, it is preferable to look for heights What 
is of chief importance to-day is facility for construction and for expan- 
sion , land flat and solid, and extended enough Wo will return now to 
a study of the plan of cities. The general situation certainly precedes 
the local site Thelocating of manufacturing establishments is depend- 
ent on the locating of means of communication The great cities are 
situated on the banks of livers, of lakes, or seas,^ they have sprung 
up along railway Imes , their development is dependent on the impor- 
tance of the circulation, when that is turned aside the city is rumed 
(Le Cap), Accordmg to its geological constitution, a city exerts its 
influence either thi’ough the presence of fertile soil, suited to agricul- 
ture, or by the presence of mineral wealth, coal oi metallic ores, 
which have promoted the creation of great industrial cities. 

(6) Hctman Factors 

Urbanism is a phenomenon of great complexity which can be sim- 
plified only at the expense of very close study. An exammation of 
geographical conditions is necessary but will not alone sufiice. Human 
factors play a considerable r5le not only in the past, as we have already 
seen, but even more in the present Very large cities arose during 
the nmeteenth century In 1801 there were m Europe, accordmg to 
M. Paul Meuriot,^ only 21 centers with more than 100,000 inhabitants; 
22, perhaps, with Constantmople. 

ropyuLTioN or the principax cities of eubope in isci 

Great Britain and Ireland London, 958,000, Dublin, 140,000, Edinburgh, 86,000, 
Liverpool, 82,000, Manchester, 76,000, BuminghaTH, 70,000; Bristol, 61,000; Leeds, 

63.000 

Prance Paris, 548,000, Maisexlle, 111,000, Lyon, 109,000, Bordeaux, 91,000, Rouen, 
87,000, Nantes, 73,000, Lille, 64,000, Toulouse, 60,000. 

Belgium Brussels, 66,000, Antwerp, 62,000, Gaud, 66,000, Liege, 50,000 

Holland Amsterdam, 215,000, Rotteidam, 50,000, The Hague, 38,000, 

Germany Berlin, 172,000, Hamburg, 100,000, Dresden, Breslau, and Komgabeig, 
60,000; Cologne, 50,000 i 

Austria and Hungary Vienna, 231,000; Prague, 70,000; Budapest, 54,000, Lemberg, 

48.000 

Italy. Naples, 360,000, Rome, 170,000, Milan, 170,000, Venice, 150,000, Palermo, 

120.000 


‘ Of 33 cities ol over 100,000 inhabitants according to tba census of 1S91, 14 are porta 
• Paul Vourlot cgglor’orat'''r.' i.>-b=.irr= d^ns I'Europa oontemporalae. Essal sur les cailpeS, les 
TO) iIRl.iL', lOj fi'A,! ' TCe (JO '"'j- a4.'c'o, iicriti'' Pans, Barlln, 1897 ' 
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Spam Madnd and Barcelona moie than 100,000 
„ Portugal Lisbon, more than 100,000 
Eusaia St Petersburg, Moscow, Varaovie, more than 100,000 

In 1850 the number of cities over 100,000 inhabitants had increased 
to 42 (3.8 per cent of the total population), to 70 (6 0 pei cent) m 
1870, to 121 (10 per cent) in 1895, to 160 at the opemng of the 
twentieth century In 1900, 23 cities exceeded 500,000 inhabitants, 
6 numbeied a miUion each 

NUMBBE. OF EUEOPBAn CIT1K8 OF MORE THAN inn, 000 INHABITANTS, AND POPULA- 
1 TIONH OF THOSE EXCEEDING 2C0,000 

Great Bnlain (1907) 38 cities ot mote than 100,000, of winch 14 exceeded 250,000, 
as follows London, 4,758,000 (registration London) or 7,218,000 for Gieater London, 
Glasgow, 848,000, Liveipool, 746,000, Manchester, 643,000, Birmingham, 553,000, 
Leeds, 470,000, Sheffield, 455,000, Bristol, 368,000, Edinburgh, 346,000; West- 
Ham, 308,000, Bradford, 290,000, Newcastle, 273,000, Kiugeton-upon-IIull, 267,000 , 
Nottmgham, 257,000 

Ireland (1901) 2 cities of nioie than 250,000, DubUn, 873,000, Belfast, 350,000 
All the others less than 100,000 

France (1906) 15 cities more than 100,000, of which 4 exceed 250,000, as follows 
Pans, 2,763,000, Marseille, 517,000, Lyon, 472,000, Bordeaux, 262,000 
' Belgium (1906) 4 cities of more than 100,000, of which 2 exceed 250,000, as follows. 
Brussels, 623,000 (with its faubouigs), and Antwerp, 304,000 
Holland (1906) 4 cities ot more than 100,000, of which 2 exceed 250,000, as follows 
Amsterdam, 564,000, Kotterdam, 390,000, and The Hague, 249,000 
Germany (1906) 41 cities of more than 100,000, of which 11 exceeded oi reached 

250.000, as follows Beiliu, 2,040,000, Hambuig, 803,000, Munich, 5.39,000; Dies- 
den, 617,000, Leipzig, 604,000, Breslau, 471,000, Cologne, 429,000, Frankfort, 

335.000, Nmembeig, 294,000, Dusseldorf, 253,000, Hanover, 260,000 
Austria-Hungary 9 cities of more than 100,009, ol which 2 exceed 260,000, as fol- 
lows Vienna, 2,000,000 (in 1907), and Budapest, 732,000 (in 1900) 

Switzerland 3 cities of more than 100,000 — Zurich, BMe, and Geneva^— -but none 
reaching 250,000 

Italy (1901) 11 cities of more than 100,000, of which 6 exceed 250,000, as follows.' 
Naples, 564,000, Mdan, 493,000, Rome, 463,000, Turin, 336,000, Palermo, 310,000 
Spam (1900) 7 cities at least 100,000, of which 2 exceed 250,000, as follows* Madrid, 

540.000, and Barcelona, 633,000 

Portugal (1900) 2 cities ol more than 100,000, of which 1 exceeds 250,000, namely, 
Lisbon, 856,000 

Greece (1906) 1 city of 170,000 (Athens) All the others less than 100,000 
Turkey in Europe (recent figures) 2 cities of more than 100,000, 1 of which exceeds 

260.000, namely, Constantinople, 1,106,000 

Roumania (1899). 1 city of 270,000 (Butarest) All the others less than 100,000 
Russia m Europe (1900-1907) 14 cities of more than 100,000, of which 7 exceed 

260,000, as follows St Petersburg, 1,429,000 (m 1905), Moscow, 1,359,000 (in 1907), 
Varsovio, 766,000 {inl901), Odes!®, 460,000 (ml900), Lodz, 352,000 (ml900); Eiew, 
319,000 (m 1902), Riga, 282,000 
iWand (1905). 1 city of 117,000 (Helsingfors) 

Denmark (1906) 1 city of 614,000 (Copenhagen) with its faubourgs All the others 
epe than 100,000 

, S6360 '‘—alt 1012 ‘13 
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Sweden (1908) • 2 cities of more than 100,000, of which 1 only exceeds 250,000 
(Stockholm), 333,000 

Norway {1900)‘ 1 city of 228,000 (Christiania) All the others less than 100,000 

In Fi’aace, from 1846 to 1906, tlie population of the centers of more 
than 2,000 inhabitants rose from 24 4 per cent to 42 1 por cent. In 
England, according to J. James, in 1850 the rural balanced with the 
city population;^ in 1901 the rural population represented only 23 
per cent of the total. In the Umted States, accordmg to the same 
author, the population of cifies of more than 8,000 inhabitants rose 
from 3 35 per cent in 1790 to 29 20 per cent in 1890. From 1870 to 
1895 the population of Europe had increased 20 per cent, that of 
cities of more than 100,000 inhabitants 52 per cent For each 1,000 
inhabitants of our continent you can reckon 15 m the large cities m 
1800, 34 in 1850, 63 in 1870, and 100 m 1895. In 1800 there was one 
city of more than 100,000 inhabitants for each 450,000 square kdo- 
meters, in 1870 one for 134,000, ui 1895 one for 75,000 (P. Meuriot). 

Among the human factors of urbanism during the nineteenth 
century must be noted first of aU the decrease in the number of 
wars, particularly since 1815; the abohtion of serfdom which has 
freed man from the land, the increasing multiphcation of state 
offices and of pubhc functionaries, obhgatory mihtary servaco, and 
parceling of the land Intensive culture and employment of ma- 
chines have contnbuted to rural exodus, encouraged m another way 
by intense mdustnal development, made possible by tho introduc- 
tion of water power and the employment of steam. It is in England 
and Germany, the two most industrial countiies of Europe, that the 
number and the population of urban communities have made the 
most progress m the last quarter of a century. Nearly one-fourth 
of the population of Germany hves in cities of more than 20,000 
inhabitants. The Eongdom of Saxony and Ehemsh Prussia are 
gi’eat centers of growth and attraction for tho Empire. Manufac- 
tures concentrate tho population, nevertheless the high cost of hving 
in cities, the ease and quickness of communications, and the recent 
employment of water power commences to work to the contrary. 
Trade, hke manufactures, concentrates population; the market helps 
to keep tho worlonan in the city, and aU commercial organizations 
are established in great centers. Ton may say that these are 
developed through the requirements of trades. Besides, com- 
mercial needs attract manufactures, and the latter often changes 
with the port or simply with the market. It is for this reason that 
ports become more and more mdustnal cities. 

It IS chiefly through migrations that cities are developed Accord- 
ing to M Levasseur, the atti active force of human groups ia m gen- 

1 1 James The grovrth of groat 0 IO 03 In area nisa i>opulation Amorlosa Aoademy of rolltloal and 
Social Bcieaoo, January, 1S89 
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eral proportionate to tlie masa Tins explains why some cities * 
number milhons. 

Immigration to cities is seasonal, as m the case of house builders, 
though more often it is permanent, with the mtention of staying for 
a considerable penod, but retaimng the hope of return to the modest 
provincial country As a general rule, the attraction toward the 
city 13 inversely proportional to the distance anti to the comparative 
ease of the home life of the emigrants According to M Paul 
Meuriot, the attractive force of Pans is exerted chiefly over a radius 
of about 250 lalometers In London the proportion of inhabitants 
furnished by each region or county is also naturally inverse to their 
distance from the metropolis The immigration to Berhn is mostly 
Prussian In Prance the provincial centers become more and more 
important and divert to their profit a part of the eimgration in their 
region, but the superior forces of adnumstrative centralization 
favor and develop the exodus toward the capital ® 

Emigrants tend to group themselves These groups are chiefly 
by professions in the Provinces; but they are by nationabties in 
the groat cosmopohtan cities, such as New York, where there is a 
Jewish quarter, an Itahan quarter, a Chinese quarter Societies for 
recreation or for benevolent purposes are orgamzed among emigrants 
of the same section or the same nationahty 
M. P. Meuriot has stated that formerly the name '' city” was based 
less on the number of inhabitants than on the leadmg features and 
the special advantages of the communities In France, in England, 
and in Germany the title “city” is chiefly reserved for those groups 
which have had a particular pohtical position. On the other hand, 
every oommumty called imral is not necessarily agricultuial, but is 
supported sometimes by manufactures Inversely, the great markets 
are only agricultural communities Rural grouping is characterized 
chiefly by a uniformity in methods of hving, while the rule of city 
grouping is the diversity of Me 

(e) Extbhiou Chahaotbb ob CmES 

The growth of cities has first of all caused the disappearance of 
the walls wMch formerly surrounded nearly all of them. Their 
rural aspect has disappeared, notwithstanding the frequent pres- 
ence of vacant land within them limits The presence of factories 

1 Pi oi)oxtioEo{natlYepopulatioaot cities Londoii(1891),68petoont, VIoima(18flO),'U7petceiit, Berlin 
',1893', 11 per '’t '"fW'-'ii’'-; 31 7 per rent, Paris (1891), 3S 4 per cent Compare A. P. Weber. 

I ns’Ti'ii/' c ( 1 'isi 1 ihr . I'u’i-pnii' (''’iti’r. -* s idy in statistlos London, Enlp, 1809 

J Ja I'i'd, Ml ,1 T'jna'all.v'iif ;',7' ‘ 0"' i 'n, > id ’.in vroilnci'.N.rrJ 1 1 itj''0 datricls or TTf rfs oii'y 

one, ■ ’ ino u ctn s mi J a u-jI e 'v o' Pe-js ,i is 1 ce jic vc do ‘‘iiii'C I'.i ol ll c u iMf- ntm, In 
ord'! '•!! npo’'"-ro Oi-ijl^., l v Sei ’i' .i v’di me ,r ' Xord, fl N.e re, .‘iirU, linn'' 

l.'-ii-, 5 ""c-i.i', r ''I'l-e, Aiii.e iuri, ''.euv, oiie, C.'-pl, v.cjcci, C0ui.rJu-Xtj'.l, I' e^’*- 

Vll 111 ’C, c 0 
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has been the principal cause for the creation of outskiita and suburbs 
of an extensive character Density of population is generally 
greater in the centor than on the outskirts, but as the dwellings and 
the lands are more valuable there, an inverse movement has begun, 
encouraged, too, by hygiene, for the air is better at the boundary 
than at the city center 

The direction of extension depends chiefly on geographic and 
economic conditions, and cities spread out much more rapidly 
when these conditions are favorable. Bound between naturd 
maurmountable obstacles, the sea or rivers, cities push skyward, 
as m New York,* where one sees buddings erected from 30 to 40 
stories high But if there are no constramts for loolcmg m any 
other direction for space needed for their development the advance 
is preferably toward tlie west The prevading direction of winds 
from the west, dnvmg back unhealthy odors toward the east, render 
westerly sections more healthy Paris and London offer examples 
of this phenomenon The public square is no longer the stage for 
enacting the leading scenes of public life, its idle is to reheve 
monotony, to provide more air and hght The market square 
stiff exists, but it tends more and more to be replaced by closed 
markets. They are hardly anything else in the south of Europe, 
especially m Italy, where the squares still conform to the old type 
Acoordmg to M. C, Sitte, experience shows that the mmimum dimen- 
sion of a pubho square should be equal to the height, and its maxi- 
mum should not exceed double the height of the prmcipal edifice, 
but there must equally be taken mto account the width of the 
ad}ommg streets * 

the sthebt 

Streets are sometimes so narrow and lateral, roads so few, that 
the way becomes a closed place, very agreeable to the esthetic eye 
Their winding constantly shuts out the perspective, and at each 
instant presents a new horizon The straight street prevails to-day, 
particularly m new cities, such as those in America, where the streets 
cross at right angles, so as to form a regular draught board , The 
effect produced depends on the proper proportion between the 
width of the street and the height of the buddings, and also on the 
architecture of the structures 
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of open spaces The coefficient vanes from 104 per 10,000 m the 
crowded quarters to 11 per 10,000 neai the Champs Elys6es. That 
is why the Enghsh call the parks ''the lungs of London ” ^ A park 
that IB large enough is a reservon of pure an, and the trees that 
encompass and protect it form a very efficient natural filter in stop- 
ping the clouds of dust from the streets and rendering healtliy the 
ambient air While London has 290 parks or squares, whose total 
area is 752 hectares (1,869 acres), and Berlin 20 parks of 554 hec- 
tares (1,368 acres). Pans has 46 parks of only 263 hectares (649 
acres) This is not enough, though active steps are bemg wisely 
taken to increase the extent of the parlrs, and with that end in view 
it is proposed to reseiwe tho space now covered by the fortifications. 

The movement in favor of open spaces and for plant growth m the 
cities 13 manifest in England and the United States m very extensive 
work for laborers’ gardens and m the creation of pubhc gardens, a 
work which an association has planned to promote in Pranced 

CUBAN CIRCULATION 

M, E H6nard, in his Etudes sur les transportations de Paris, 
ingeniously distmguislies six Idnds of circulation The household 
cu’culation, the professional circulation flowmg at the horns of 
opening and closing of offices and shops, the economic circulation, 
the fashionable circulation, the hobday circulation, and the popular 
cii’oulation You might also add the tourist circulation These 
several kuids of circulation present as a whole a senes of problems 
which, accordmg to M de Foville, constitute “the mechanics of 
crowds.” The encumbermg of certain streets goes so far as to 
obstruct and congest traffic In Pans, for example, the services 
rendered by tho general transportation companies, exclusive of car- 
riages and long distance railways, but mcludmg suburban service 

1 Les espoces libras & I'arls. Le Mus^a social Msinnlros et doouments, July, 1908 

s G BBnolH.eyy, Les OltdE-Iardlns, Revue Internationale do soclologle, December, 1908 Ch Gtda, 
1.03 ciWs-Jardins Revue dconomtque Internationale, Ootobar, 1907 H. Baudin, La Jfaison famllialo i 
bon marchd Geneva, 19(W L'Asaooiation des Cltes-Jardlns do France has for its aim to apply to dwelling 
places tba latest pnnolples of hygiene, to lonn model Induslilal centers, to develop city systema o£ parks, 
gardens, and playgrounds; to encourage the creation ol city gardens Everywhere, In the factory, m tha 
city, at the ftreslde, the association seeks to introduoe customs of IRe more healthy and pleasanter Wa 
seek to create model cities ot villages In all their parts when that is posaibla We seek to develop social 
i''slltnl!o'", alikh renr'' • pf- mri'' ii’'”r'fid ard nic'c p'T’ca<’'')iu Wr seek to develop habits which shall 
lEjiu 1 i “ [iliulqK 'll'' .l■olllhil /'■ ir ’■ji/a Vn,'- '-.toi' '1 ' c'li toniers of city life more hcspltahle and 
li 1 jii. - Vc I'l.spi r, cjO"( li' wicnirl'nit "1 1 jlliot r ivi "in if lU/ gardens, to the preonotion of social 
wclfi I ir f 'Cl '- 1 C',, .11 iiie c'l nii' i • u.’- imii in on space, in largo oltics HoW one dieania 

<" e ii'L’. do '<[ I , cni'i ■■ I'mi 'i''i.l i r'si’lt inn 'loilsliii'i b' tli" iidi'uion of windows to allow tliealr, the 
!i,'iu,i 71'’ 1 1 icTiO' L'irri"g'ioi.t tho <li ' How one droamsolthooEoctltwonldiiayo on the workmen 

I'l pi 'It. I'lii 1' ..r a oil u'l, ' , LOL r i" iLsc !jir,A' 1 to their shape, whore they oould be seated without risk 
of I'uf-' 'll 1. Tfo'. Ol '. ( ro 'Ti s, in an diu'i of Ideas, of tho results Of the ewsTTa+ion p' o htmPh pf 
S' rub m , ', trees or ola p.i.k lucrj k.cJ cun'--' rs ol the city. 'Lhe works) "'i aciirgliWu i leci’ v >itth 
giei'L opiii siiKiU', Mi'.l 1 iR, Vtn'r .ii-lu la' n i' p sanitariums with their exo ntlip Lni'jr t,7 combat 
tubeiculosis i’he Association of City Gardens uas oroated tho soeial service ■« 'I'cli | rc i roii'.l;, jpnkes 
all inquiries and gives advice to all who wish to hotter the conditions ot life in oUr present cities or to build 
naw ones. 
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at intervals of about 25 years, are shown by the following figures, 
coiTBsponding to the number of passengers carried, expressed in 
millions; 




1885 

1904 

Omnibus 

fr 

49 lOO 

115,635 

121,663 

Street railwajs 

do 


15,151 

378,966 

Boats 

do 


9,579 

21,080 

City steam laiJivays 

do 

2,407 

I?,SS4 

172,344 

Votnl 

do 

51,997 

154,249 

003,943 


Though the movement of passengers mcreased m such a strong 
proportion, this was not only because of mcrease in poimlation, but 
also because one becomes more and more m the habit of resortmg 
to a means of transport to save tune m reachmg a place "Time is 
money " In 1846 a Parisian used the existmg Imes 44 tunes during 
the year; m 1875, 78 times, m 1904, 266 tunes M Jenlcms showed 
the British Association that m 1867 each inhabitant of London made 
an average of only 23 trips on the city Imes, whereas the correspond- 
ing figure was 55 m 1880, 92 m 1890, 126 m 1900, 129 in 1901 The 
same author has shown similar averages m Now York to have been 
47, 118, 182, 283, and 320 tor the years 1860, 1870, 1880, 1890, and 
1900 A few years ago New York had transportation facilities capa- 
ble of moving only 1,200 millions of passengers, while to-day the' 
capacity is 2,000 milhons 

To remedy tlus condition it is proposed to construct elevated side- 
walks or subways at the street crossings. Under various methods 
what is bemg sought is movement at several elevations In London 
tho subways have two or tliree tunnels superposed The metropohtan 
roads of Pans and Berlin, the elevated roads of New Yozk, and the 
subways of Boston are an application of this method On the streets 
animal traction is being replaced more and more by electric traction 
for tramways and automobile traction for smgle vehicles In Paris 
from 1897 to 1907 the number of horses decreased from 92,026 to 
83,458 City radwaya are more and more extendmg then zone of 
radiation, and m the United States, for example, have already com- 
menced to engage m freight service 

The very high coat of underground railroads and in a less degree 
of street railways have led to the employment of automobile traction 
for single vehicles It was only m 1905 that the autobus appeared in 
the streets of London The autobus, though less expensive to 63 “^ 
tablish than street railways, easily replaceable and with route change- 
able at will, besides much faster than the horse omnibus, yet it is, 
nevertheless, not free from inconveniences. The cost of rdanagement 
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of autobus service is greater than for electric tramways, and there is 
the noise, the odor, and the danger from fii'e and accidents But the 
autobus IS a new method, therefore susceptible of technical improve- 
ments, and has been called to take a place by the side of the street 
railway m replacmg the horse cars, a dearer and slower method 

(<■/) City Vital Statistios 

As a general rule, city population grows faster than the habitable 
territory, resultmg at once in an overcrowdmg, particularly m the 
workmen's quarters Paris has 86,000 dwelluigs with an average of 
30 to 32 persons per house, while m London this average is only from 
6 to 7d The number of dwellmgs tends to he exliausted, while the 
lodgers mcrease In 1896 the density of population was 326 persons 
per hectare (2,471 acres) m Pans, 260 m Berlui, 140 m St Peteisburg, 
136 m London, and 85 m Vienna 

Overcrowding is always a sign of poor hygienic conditions The 
atmosphere is more vitiated, the townsman hvos much more indoors 
Likewise the city mortahty is greater than mortahty in the country 
What chiefly affects cities is the proportion of deaths resultmg from 
infectious disease, infant mortahty, and stiilbuths 

IHegitimate births and suicides arc also more frequent among city 
dwellers, crime is greater, especially crimes agamst property, resultmg 
from misery and stronger and more numerous temptations 

Through nnmigratiun, cities have a greater number of adults, hence 
a greater frequency of maniages and divorces This is so m cities 
that are made up m great part of a foreign element In Geneva, Bdle, 
and Zurich foreigners number more than a third of the total popula- 
tion; Paris 75 per thousand, Vienna 22 per thousand, and Berlin 11 
per thousand 

Cities are, on the other hand, centers of growth for democratic and 
socialistic ideas, pohtics is more advanced. The admixture of the 
people 13 an obstacle to the survival of particular languages and 
dialects By the force of things, M P. Meuriot says, cities help to 
unify the language, as they also contribute to alter it 

Finally, cities form important centers of consumption. Then influ- 
ence is exerted over the surrounding regions that are given up to 
market gardenmg and raismg of fruit, to the rearmg of cattle for 
providing milk Their budgets mcrease and in older to reduce the 
fiscal charges of their taxpayers, some cities have municipalized their 
mdustrial services, gas, water, electricity, railways 


I 0 Cadovtr La Vie des grandes Capltales Pans, Borger-Levianll., 190S 





THE SINAI PROBLEM ^ 


By Prof I)r E OuERntiMMEir 


[With 3 plates ] 

Few unsettled questions in Bibhcal geography have been so vari- 
ously answered and aroused such lively discussions as that of the 
actual site of Mount Smai. True, trachtion had seemingly long ago 
solved this problem to its own satisfaction, for since the days of the 
first Chnstian anchontes (350 AD), whoso hfe in the rock desert of 
the Sinaitic peninsula Geoige Ebera depicted in such a vivid manner 
in his "Homo Sum,” the crystaUine mountain range which fills out 
the southern part of the peninsula, forming a section of the Arabic- 
North African tableland, between the Gulfs of Suez and Akaba, has 
been considered as the dwelhng place of the Israelites after the exodus 
from Egypt 

Thus the oldest cartographic representation which we have of this 
region, the "Tabula Teutingeriana,” a road map of the Roman Em- 
pire, begins with this ^^ewpolnt The remarkable illustration here 
presented (pi 1 ) unmistakably dehneates in outhne, mcluchng the 
two inlets or bays at the end, the Sinaitic pemnaula contaamng a 
mountain inscribed Mans Syna, above wliich appear the words " Hie 
legem acceperunt m monte jy-m'' (here they received the law on 
Mount Sinai), and farther above we read " Desertum uJn guadmgmta 
annis erraverunt filn Israel ducente Moyse ” (the desert where the 
children of Israel wandered 40 years, led by Moses) These words 
obviously do not belong to the original draft of the road map, which 
was based upon Agnppa’s map of the Roman Empire in the time of 
Augustus, but are, like the words " Mons ohveti,” near Jerusalem, a 
Christian addition of the fourth century ^ But that the locahzmg of 
Sinai on the peninsula was then considered estabhshed is shown by 
the oldest pilgnm hterature, such as the Pilgrim of Bordeaux (A 4 D. 
333) and the Itinerarium of Silvia.® 


1 Translated by parmissfan, frgnl Dio Sina^ltagB Von Prof, Dr E Otwrliummer UlttailuBgOn dat 
K K Oaographiclieu Gasallsohoft in Wien, val 64, 1911, Wien, pp. 828-641 
-A Eltor, Itinetasratudlen (Bonn, 1908), p lOf 

® Tbe latter itinerary has been dlMoyeiod recently m an Italian manuaonpt and was assigned by tbe 
atsteditois (Gamuirinl,lloiiinison)to SUviaoI AqmtanlalalJout A D 390). Ho'wo'vet,tliBiai.tresoBroIies 
of it Melster, Elioinisolies Museum 64 (1609), seem to proTO that the autlior was the AhbCss Aatheria of 
Gn..!, In th" ot ihe slxtli century The host critleol edition of these and the other oldest Itln- 

cirr c. 1 a, ti'Oi KivCii ii; P Oeyor, Itlneiara Hiorosolymitana, Vienna 1898, A reprint of “S. Bllvl^ 
J'en gilaA.io" I rs 'I‘.o h'o., made by E A Beolitel, Cluoago, 1902 
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The secottd oldest cartographic representation of tins region, the 
mosaic map of Madeha (pi 2), dating from the sixth century and 
discovered in 1896, indicates Sinai as a stnlungly drawn mountain 
but without namiug it The inscribed legends, however, leave no 
room for doubt; thus sprjuoc otcqo Karens p<pdrj ro pawa Kac t) opruyo- 
[itjrpa (the desert Sm where the luamia was sent and the quail), 
almost word for word after the text of Silvia “ Ostenderunt et 
iUum locum, uhi eis pluii manna et colurmces” (they showed also 
that place where the manna and quails foil for them) ^ On the left 
side underneath it we lead, Pa<pi8cp euOa enslOovrc rai 0 lapat)). 

smXeptjaev (Rephidim, where Israel fought the advancing Amalek ) 
Below the Sinai Mountam (the map being onented toward the 
east, north is on the left) on the map (pi. 2) is stiU seen the 
eastern branch of the Nile, which runs off from the mam river 
and which is designated as the nr])ouacoj<Av ardpa (mouth of the Pe- 
hsium), after the boundary city of Pehision, of which the initial part, 
IlTjXova, written vertically, is still to he seen 

It is remarkable, on the other hand, that the oldest work on 
Biblical geography, the Onomaaticon of Eusebius (died in 340 A P ) 
places Horeb in jVIidian Xojp-fj^ Spec zoo Qeou h x^PV XiaSedp napd- 
Ktmc Tip ’dpsc Xivd bnlp r?jv ’Apa^cav htl t^c ^p^pou (Horeb, the moun- 
tain of God, IS in Michan, near the mountain hes Sinai, opposite 
Arabia in the desert), to which St. Jerome in his Latin edition of 
the work remaxlcs ‘ ' 'tn%lii autem videtur guod d%phci nomine idem mans 
nunc Sinai, nunc Glioreh vocetnr” (it seems to me, however, that one 
and the same mountain is designated by the double name, being 
now called Sinai, now Horeb). Antomus of Placentia (570 AD) 
also distinguishes between Horeb and Sinai.® The two different 
names in the Bible, winch have engaged the attention even of recent 
investigators, are now explained by the chffeiencein the sonrcea of the 
Biblical account (Horeb in the Elohist, Sinai in the Jahvist, etc ) 

After the erection of the famous monaateiy of St. Catherme under 
Justinian I (sneth century) at the latest, Jebel Musa ("Mountain of 
Moses"), 2,292 meters (=7,520 feet) high, which the highest peak in 
the south, Jehel Katerm (2,606 meters = 8,712 feet) exceeds by about 
300 meters (1,000 feet), was firmly established by tradition as the 
mountam of the giving of the law. This tradition Was firat ques- 
tioned by the renowned traveler, Johann Lndivig Burcldiardt, who 
traversed the Smaitic Peninsula in 1816 and expressed the opinion that 
older tradition was in favor of Jebel SerbSl, winch rises to an ipiposittg 
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height (2,060 meters^ 6,780 feet) from the oasis of FMn,^ near the 
•west border of the mountain range. Eminent inveatigatom, such as 
the Egyptologists Richard Lepsius * and George Ebers,^ followed him 
in this yiew and attempted to prove that the earliest Christian, 
tradition assigned the event to Jebel Serb^l and that it was only 
because of the foundmg of the monastery by Justinian that the 
tradition was changed to Jebel MfisS,. The majority of investigators 
held to the tradition whtoh had pi evaded through the centuries and 
sharply opposed the now hypothesis, Karl Ritter * in his work sums 
up all the knowledge and investigations on this subject down to 1848 ; 
it is the most comprehensive description of the Sinaitic Peninsula and 
is not yet superseded by any similar work, and especially Konstantin 
Tischendorf ® But the war cry, '‘Here Serbal, here Jebel Mflsa,” is 
not yet silenced 

All these investigators started from the seemingly self-assumed 
piesumption that the route of the Israelites from the “Red Sea,'’ 
that is, from the north end of the Gulf of Suez, led through the 
mountam lange to which modern geography, m agreement With tra- 
dition, gave the name of Smai, the native population designates it 
simply et-Tur (“The mountam,” compare Taurus) But opposed 
to thus assumption there has been of late asserting itself, with con- 
stantly mcreasmg force, the view that the stage of events described 
m the Book of Exodus was not at all on the Smaitic Peninsula, but is 
to be sought east of the valley called al Araba, which connects the 
Akaba-brake with the Jordan depression With this view another 
assumption gams m importance, namely, that the Smai of the Bible 
must have been a volcano In contrast to the old explanations which 
compared the phenomena described in the Book of Exodus, with k 
heavy thunderstorm, such as do mdeed sometimes occur m the water- 
less Sinaitic Penmsula, the unmistakable similarity of those descrip- 
tions With a volcamc eruption was now pointed out. The first to 
present this new view was the English geogi'apher Charles Beke, who, 
had rendered much service in the exploration of Ainca ® In a special 
monograph^ and in a communication to the “Athenaeum”® he gave 
expression to the view that the occurrences related in the Bible must 
have been of a volcanic nature, and at the same time called attention 
to the volcamc regions of northwestern Arabia, especially to the 

I Raisan in Syrian (Weimar, 1824), pp. 964f 
* Brlela aus Agypten (Berlin, 1832), pp 840tf , 417il, 

>Purolr GoSenzum Sinai (Lelpaifi, 1872), p 3811 PalSstina in Wort mid Bild, 1883, val U 
ir’ " '1848) 

(Leipzig, 1862), p 91ff ' 

fC.'Pirjiiro Patornta o’> (1876), p. 48l, P Embacliar, Lex d Reisen (1882), p, 301; Alii- 

Loui', Jiioi ifLn^ J 'l ^ ' T 

■MiiuTit sL’iai ■■ \ nil .110 (T.o ii’or, 1S7 ), 48 pp 
4AtLetn..ii)i,''-7i,pi> is:,'.i;r 
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Harrat en-Nar,^ nortlieast of Medina (26°, 30' N , 40° E ), wiich ■vvaa 
still active in historic times Beke himself in advanced age undertook 
a tnp to the Orient in order to solve this question. Prompted ® by a 
remark in the ‘work of Irby and Mangles,® who beheved they had found 
volcanic peaks northeast of Akaba, he turned his attention to the 
mountain which towei-s above the northern point of the Gulf of 
Akaba in the east and believed that he had found the true Sinai in 
Jebel Bhghir, 1,600 meters (5,250 feet) high, supposedly also called 
Jebel en-Nhr ("Mountain of Light”), five to six houis distant from 
Akaba * His companion, Milne, who afterwards became famous as 
an investigator of earthquakes, ascended the mountain and Beke had 
the disappointment to learn that it was not a volcano, but was of 
granite formation But instead of drawing from this the conclusion 
that Sinai must be sought elsewhere, Beke held fiimly to his locahza- 
tion and gave up his volcano theory. “I was thoroughly mistaken 
about the volcanic character of (the true) Sinai/’ he wrote to his 
friend, R Burton,® and in a similar way he expressed himself m his 
inteiesting notes which, after his death, (July 31, 1874), were pub- 
lished by his widow (unfortunately without a map) ® But his other 
reasons also for localizing Smai near Akaba were already shaken by 
Burton ’ He agrees with Beke m opposing the traditional Smai, but 
thinks of the Desert of Pharan, north of the Sinaitic Peninsula and 
refers to a paper by H. Grata," who takes bis stand for the Jebel 
Arajif en-Haka (30° 20' N , 34° 20' E ). 

'The now almost forgotten position of the English geographer and 
Biblical investigator Beke on this question has been dwelt upon at 
some length, m order to estabhsh his priority m a problem upon 
which, through recent investigations, unexpected light has been shed. 
I pass over the recent hterature on the Sinaitic Pemnsula as such It 
is recorded in my reports on the geography of the ancient woild.® 
By the last one, which has been lecently pubbshed,^ I was induced 
to try a clear leview of the whole stoiy Only the changing views 
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about the site of the Biblical Sinai are here to be followed up In 
•this undertaking it is obviously presupposed that the Bibhcal account 
has at least m the geogi'aphical sense a i eal backgi ound The question 
of its historical credibdity does not concern me Beinhard Stade' 
thought “What we now read about it m the Book of Exodus is 
really an early myth disguised as lustory and therefoie equipped mth 
historical and geograplncal details To follow up the route taken by 
the Israohtes is just as important as to investigate the one made by 
tho Burgundians on their jouiney to Kmg Etzel in the Nibelungen- 
sage ” The lournoy of the Burgundians to King Etzel is mythical, 
but the desciiption of the places along the Danube, wheie Vienna 
emerges from the obscurity of long centuries as a flouiishmg and fes- 
tive city, 13 real and tangible Hero, too, a lemark of Moltke ^ on the 
stage of the eaihest Roman history holds good “A nariative may be 
historically untrue, and yet os regards the location perfectly accurate.” 
From the Acta Sanctorum hundreds of examples might be quoted. 

Nearly as hopeless as Stade, who does not even put the question, 
“Where was Smai located,” but rather “Wheie does the sacred legend 
of the Hebrews place Sinai,” ’ the famous Bibhcal critic Juhus WeU- 
hausen"* thus expresses himself “We know not whore Sinai was 
situated, and the Bible is hardly m agreement concerning it To 
dispute about this question is characteristic of the dilettanti.” At 
the same time WeUhausen, considermg Exodus, Chapters II seq., in- 
clines to the view that places Sinai m Midian. Other data for the 
various locations of Smai are given in an excellent treatise recently 
pubhshed, “Wheie was Mount Smai located,” by K. Mikotta,’ who 
himself 1 everts to the traditional standpoint 

The most recent phase of the Smai question is mtroduced through 
the more and more prevaihng recognition that we have m Exodus, 
Chapter XIX, as also ui other passages, the story of a great volcanic 
eruption After Beke, who fii’st broached this hypothesis, had aban- 
doned it, Heimaim Gunkel, the Old Testament theologian and suc- 
cessor to Bernhard Stade at the Umvei-sity of Giessen, mdependently 
pointed out in numerous passages of his writings the volcanic charac- 
ter of the phenomena.® In Exodus, Chapter XIX, we read; “A thick 
cloud was upon the mount; the smoke thereof ascended as the smoke 
of a furnace, there were thunders and hghtrungs, and the voice of 
the trumpet exceeding loud, the Loid descended upon the mountain 
in fire, and the whole mountam c^uaked greatly.” In another pa6- 

I Gesdilolite dea Voltes Ibrael, I (18S7), 129, Anm 2. 

» Wpnderbuoh, p 21 

» Op olt j pp. 132fl 

I Piolofeomolia 7 ;ur Geachiolite Israels, 6th. ed (1899), p. 349 

» Wcidenauer Studien, HI (1909), 77-123, JW (1011), 117-143 

• riibl i<i Diiil cLl T '.'O'- ■!' i-Zeltimg, 1903,p 3058 Slmflarly Ansgewahlte Paalmaji, p IflO (2d od.,p, 
117', ■■ din' ! I' , 0 ,U' iVcitereroutwlcMung derchrlstUohea Ealiglon” (Munohen,1905), p 09, ’Where 
also to supposed location m northwestern Arahia is referred to 
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sage 18 read that “the mount burned with fire" (Deuteronomy, IX, 
16) , and that “the mountain burned with fire into the midst of heaven^ 
with daiknesa, clouds, and thick darkness” (Deuteronomy, IV, 11) 
Furthermore, the Moses legend tells of a cloud (pdlar) of smoke and 
fii*e which advanced through the land, and in which Jehovah’s glo^ 
nous manifestation was beheld (Exodus, XIII, 21) The poetical 
recensions vary the same theme m the form of prophecy, they tell 
of glowing coals, of the breath of Jehovah, which lesembles a burn- 
mg stream of sulphur, of mountains which melt hire wax, etc Tak- 
mg aU this together, it can not be doubted that observations of nature 
are heie the basis of the account, and that the usual explanation of 
the question that it was a thunderstorm is not conclusive Smai must 
have been a volcano. Moses led his people to a volcano, and m the 
terable volcanic eruption the awful and majestic manifestation of 
Jehovah was experienced. 

Gunkel’a treatise, which later on he supplemented with the view 
that smee there were no volcanoes on the Sinaitic Penmsula the Smai 
of the Bible was to be sought for in the volcanic regions of northwest 
Ai'abia, leceived much approval, especially from Eduard Meyer,^ who 
says, “Gunkel has recognized that we have here the description of a 
volcanic eruption It is true that there nevei was a volcano on the 
Smaitic Penmsula, but that, as is well known, there were numerous 
volcanic legions (Harras) m western Arabia, the entire Hauran ter- 
ritory, mcluthng Trachomtis, is made up of them, and numerous ex- 
tensive Harras are located in southeast Midian, on the road from 
Tehuk through Medma as far as Mecca There is nothmg to oppose 
the assumption that one or several of these volcanoes may have been 
still active even m historic times One of them was the authentic 
Smai,” Meyer remarks that already m 1872 the thought forced itself 
upon him that Smai must have been a volcano, but that he abandoned 
it because it did not then occur to him to seek Smai outside of the 
Smaitio Peninsula. The recognition that the Smai of the Jahvist (the 
Elohist calls the mountam of God “Horeb”) must have been situated 
in Midian, Meyer ascribes (pp 60, 67) to WeUhauaen (see above) In 
connection with Gunkel’s explanation of Smai as a volcano, Meyer 
assumes that Jehovah was ongmahy a volcanic fire god and that he 
was mdigenous in Midian. He says, “We have often recogmzed 
Jahve as a fire demon who m the darkness of mgbt manifests his ma- 
jesty The awful nature of the unapproachable fire god, who causes 
destruction to friend and foe, is also here (I Samuel, VI, 19) clearly 
recognizable, for instance, m the story of the ark (p 70f.).” In con- 
nection with this Meyer would also asciibe the origm of the story of 
Sodom and Gomorrah to the volcanic Harras of Arabia, “in Palestine 
it was then transferred by the Israehtea to the Dead Sea ” Tins view 

> Dio Israeltton und ihra NaclitiarataTnaia (Halle, IflOQ), p SO 



THE SINAI PEOBLEM — OBBEHUMMEE. 


675 


would obviously create a new basis for an explanation of the catas- 
trophe of Sodom, about which theie developed, fiom the standpomt 
of natural science, a controversy between M Blanckenhorn ^ and C. 
Diener ^ But we can not here enter into that question 

The view that the Biblical Smai was a volcano and should be 
looked for in Miclian meanwhile also gamed adherents elsewhere 
Thus the weU-known onentahst and Biblical scholar. Prof Paul 
Haupt, of Baltimore/ writes "Mount Sinai can not be located on 
the Smaitic Peninsula, it was a volcano ni the land of Llidian 
Mount Smai, the sacred mountaui of Midian, must have been a 
volcano ” He seems also to follow the view of Beke, smce he repeats 
his mountani names, Jebel en-Nflr and Jebel al-Barghn {which 
have been proved to be erroneous), and looks for the volcano m the 
neighborhood of Akaba * 

In his review of E Meyer’s book, "Die Israeliten,” Gunkel® 
reiterates the question, "Should it not be possible for our geologists 
to discover the volcano which at that time must have been in erup- 
tion?” This problem seems now to have been solved through Prof. 
A Musd and his companion, the geologist, L Kober At present 
we have only a brief prelimmary notice by Musil on thk subject ® 
"Thus we left the valley of al-Jizel and arrived at the wide plam 
of al-Jav, where we made unexpectedly, on the 2d of July, 1910, 
what IS in my opinion the most maportaiib discovery during this 
exploring toui, namely, that of the genume Bibhcal Mount Smai. 
All our tioubles were forgotten and we should have liked much to 
investigate more thoroughly 'the grottoes of the Servants of Moses,’ 
but our guide would under no condition allow us to set foot upon 
the sacred Volcano al-Bedr, and threatened to abandon us at once 
if we did not contmue our way eastward We had to yield, and I 
hoped that Allah would enable us to attam to-morrow what was 
impossible to-day. Our route led through the midst of the Harra 
regions ar-Pha and al-AwSrez, so that we photographed pretty 
accurately nearly all the extinct volcanoes ” 

Accordmg to the map appended to this prelimmary report the 
volcano Hala-l-Bedr is situated m latitude 27° 12’ north, longitude 
37° 7’ east — that is, considerably farther south than Smai was 
looked for even by the advocates of the Midian hypothesis Accord- 
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ing also to the brief accounts of L Kober, the companion of Musil,* 
it IS a recent volcanic territory “The volcanoes which have been 
discovered in the region of Harrat-al-AwSrez belong to , the most 
recent formations of geological importance They form a senes 
with a north-south course Their basalt covers and tofs fill the 
shallow Wadis of the Nubian sandstones ” This statement is 
important because it helps the assumption as to the possibfiity of 
a volcanic eruption there in historic tunes As a matter of fact, 
such eruptions are attested, if not for this region, yet for the volcanic 
terntory of Alodma situated farther south Seetzen called atten- 
tion to this in 1810 and quoted accounts of “earth fires” m 1242 
and 1252 from an Arabic work on the history and topography of 
Medma (probably by Samhude) ^ Burddiardt,® following the same 
source, discusses at great length a great volcanic eruption m 1256 
at Jebel Ohod, north of Medina, which was so great that the fire 
could be seen m Jambo and Mecca, and even in Damascus the sun and 
moon were obscured by the smoke, Makrizi, the Egyptian historian, 
also attested this eruption K Ritter, in his still unsurpassed 
“Erdkunde von Arabien,” collected all the material then accessible,^ 
as he also correctly perceived the succession (or course) of the volcanic 
formations along the depression of the Rod Sea, though he expresses 
himself on the subject m a now somewhat obsolete termmology: ® 
“The volcanic elevation Ime from Medina to Aden and Tadjurra 
hes in the mam direction of the great earth cleft between Asia and 
Africa.” 

" The region of this eruption seems to be the same as that which 
Yakut in his geographical lexicon, which is known as a mam source 
of the Arabian geography, desenbes as Harrat-en-Nar, “the fire 
Harra”® It is, “according to Ijad, the same which, under the 
aecond Cahf Omar, was afire, or at least in volcanic eruption. An 
identical one is recorded from pre-Islamic tunes m the tale of Halid 
b. Sinan, who is said to have extinguished its fire. It is especially 
remarkable as being the only volcanic region of Arabia recorded as 
having eruptions in histone time” (Loth, p, 378). 

Considering all this, the possibihty must be admitted that in a 
more remote period of historic times one of the volcanoes situated 
farther north may also have been in eruption. More detailed data 
on the present condition of the volcano Hala-l-Bedj and the proba- • 
bihty of them being confirmed in geologically recent tunes will be 

lAuzoigar dor K AkHdeinle dor Wissanaoh , lOr ... iQijssoj Mo 13 ,,' 

> rived llSfi-USl ja Medina Seo Brookolmanu, . ^ pp 173fit " 

• Travols ill Arabia, pp doflll 
< Cle krdkunde, XIH (1817), pp IbSfl 
slbld,xn, p 072 , 

« 0. mth, die Vulkanreglonoii ran Arabien daoh Jalcut, Zoitsobrift der D Morg Ges , 2 ? (lgC 8 ), pp 
30ii-3S2. 



SmithsQnnn Report 1912 — Obcrnummcr 


Plati; 3 



Sketch of a Map to the Problem of Sinai 






THE SINAI paOBLEM — OBEEHUMMEB. 


677 


learned from tlie exiiected lejiort of L Kober, and the woik on tbe 
Sinai problem in preparation by Musil will ceitainly also furnish 
new mfoimation These publications ivill not be forestalled here, 
but there will only be stated what is aheady geneially accessible 
An elucidation of just this pomt seemed deanable because the full 
history and present status of the Smai problem is not only unkno-wii 
to wider cncles, but even among those who aic occupjnng theni- 
selves with the question there seems to bo unceitamty as icgards 
the priority ot the several theories, which is not to be ivondpred at 
considering the remoteness of some of the statements 

If Musil’s localization proves coirect, to hmi mil bo due the credit 
of havmg found the answer to the question introduced by Boke and 
Gunkel concerning the transfeirmg of the mountam of the piomulga- 
tion of the law from the Smaitic peninsula to Aiabia Tho import- 
ance of this discovery can hardly be overestimated Infinite pains 
and acumen have been spent ui ascertammg tho route of the Israelites 
through tho Sinaitic penmsula, and tho literature on that subject 
would fill a small libraiy Now all this has been "spoken to the 
wmds ” The "Eed Sea,” aftei the mnaculous crossmg of which 
the deseit wand ei mg proper begins, is not longer the noithern point 
of the GuH of Suez, but that of the Gulf of Akaba, which the Israelites, 
assuming then' sojourn m Egyjit (which some modern Biblical criti- 
cisms declare to be unhistoric), must have reached by tho shortest route 
north of tho penmsula The search for tho stopping places on the 
desert loiite may nbw be staitod m Midian, until now a closed country 
Tliia may appeal to some as inconvenient, but it is hardly more so 
than D6rpfelds tiansfoiniig of Ithaca to Leucas, which all of a 
sudden undermined all attempts to prove the stage of the Odyssee 
in aU its details on a peifoctly secure basis Whether successfully, 
only the future will prove In both cases there is encumbent on the 
defender of the new theory not only to furnish positive evidence for 
his view, but also to explain how the false localization and naming 
obtained currency In any case we stand as regards the Suiai prob- 
lem at the bcginnmg of a cnmpleto revolution of nil traditioiial views, 
A new goal, one not easily reached, is now set before tho tiavolcis in 
search of Bibhcal places 
86300''— ;SM 1012 14 




THE AHJSIC OF PEBIITIVE PEOPLES AND THE BEGIN- 
NINGS OF EUROPEAN MUSIC ‘ 


By Willy P vsroK 


More than once have we heairl in this haU, by means of the phono- 
graph, an echo of the sounds which to })innitive peoples aie the 
height of aU musical beauty To us it seems a strange music The 
repetition of certain very short motifs, noisily executed and piofusely 
and wendly accented by cries, clajipmg of hands, the droning, or 
strilnng of percussion mstiumcnts — ah that gives expression to 
moods as foreign to us as though it came out of another woild Even 
educated musicians are perplexed by such acoustic phenomena. 
They can hardly perceive the difference between quite distinct 
motifs At the outset, howevei, we can baldly distmguish between 
one negio and another, and it is a question of persistence if we are 
to understand m ah their diveisity the rehgious songs, dances, and 
folk-songs of the lower and lowest peoples. Of course a real under- 
staiidmg of sensation wih never be possilile. Two different worlds 
are reflected m the music of primitive peoples and m our own, and 
each must have had its own pecuhar character foi more than 3,000 
years Lot us tiy, in oidei’ to form an antithesis, to tianslate from 
sound mto sight For such an expeimient, the drffeientiation sug- 
gested by Hoinbostel is very important. He pioposod to separate 
music mto fhorizontal and veitical music, Honzontal music is the 
monotony of those exotic motifs compaied to which the most msig- 
mficant of our mterval.s can signify so much A smgle one of our 
chords is like a piecipice when wo think of the monotonous music of 
pidmitive peoples If we compare the primeval Pan’s pipes and their 
thin tone with the gicat lichness and plastic powei of our organ, 
we shah then have a classic example of the difference between hori- 
zontal and vertical, or, if you prefer, between the music of two and 
three dimensions The horizontal or two-dimension music has become 
so i'oieign lo ii- ihat we must try to brmg it hack to ourhearmg again. 
In this we shaU succeed quickest if we concentrate our mmds op the 
manner of playing and the sound character of a group of instruments 

> Translated by pennission Jrom the Zoitsobrlrt ftii Ethnologlo, Berlin, vol 42, 1010, pp oai-flW. , 

679 



680 ANNUAL TIEPOET SMITHSONIAN INSTITUTION, 1912. 

wMcK have become to us of secondary importance, but wluch to the 
primitive peoples aie of infinite significance These are the percus- 
sion instruments 

We might heie extend our mvestigation from the ciicle of primitive 
peoples to the entue territory of livhig oiientals The Ouent has 
done Temarkable thmgs m the invention of percussion instruments, 
and it IS astonishmg how capable of modulation are even the diums 
and kettledrums that aie in use m the Orient They can crash like 
a fanfaio oi sound as dull and hollow as a dirge The monotonous 
1 fl, tiling of a pair of castanets, when coirectly played, can suggest 
whole melodics The cymbal and also the gong origmated m the 
Orient There is no shaipei contiast than the stiong voluptuousness 
of the cymbal, winch so well accentuates the sensuous moods (for 
example, the Vciiusbeig scene iii “Tannhausoi and the duU, hol- 
low vibration of the gong. 

But we wiU confine ourselves to the prmiitivn peoples A favorite 
classification recognizes two gioups of pcicussion mstruments in the 
meagei scores of those peoples The percussion mstiuments proper, 
and the rattles and clappers In the first group we have three sub- 
divisions (1) Sticks, which aie struck on the giound, or agamst 
primitive soundmg boards, such as hollow tiees, shields, and the 
like; (2) suspended sound plates to strilte against; and (3) the great 
and most important group of the drums 

In our folic music the percussion mstruments hold an unportant 
place, to give a firm stnictiire to the music. The drums, cymbals, 
and kettledrums of our military and dance music compel the melodies 
to proceed m an ordeily marmei , they mark the rhythm to an extent 
often almost comic to persons of fine sensibilities Thus it happens 
that in many books on music the percussion mstruments aie simply 
enteied under the heading of “rhythmical mstiuments,” a designa- 
tion in which, for example, the department of the German Museum 
at Munich, which is conceinetl with them, acquiesces. 

The effect of music characterized by the unpretentious percussion 
instrumenta is unmistakahle A strong rhythmical music helps 
vdth woik and with play, if we may make use of a modem expression, 
it IS “Scluuttmaclierdienste ” It is used effectively in activities 
which require regularly recurrmg movements of the body, ia marcbes, 
in dances, m special kmds of work, such as threshmg and hammering, 
or, to choose a somewhat l^s definite example, m the old-time 
spinning rooms. The output of power will be regulated through the 
rhythm A certam common atmosphei’e, a mass spuit, will be pro-* 
dneed which -will react on the individual. 

This purely rhythmical value of the percussion instrumont= is so 
highly developed and dominant m tlio meloches of suiuigc lribo.=. 
that we appear already to have reached the center of all archaic and 
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folk music. We only occasionally use hand clapping for emphasizmg 
the rhythm, while they employ it systematically for the dance. 
Workmg songs dominate over a wide sphere of human activities We 
need thmk only of the boat songs, in which the oais are operated 
precisely lilce a musical mstrument Bucher has collected much 
valuable material m his “Arbeit und Bhythmus,” in regard to this. 

But m such rhythimcal values the significance of percussion instill- 
ments to the savages is by no means exliaiisted. Indeed, the deeper 
we search the cleaier it becomes that the whole of the purelv ihyth- 
mical music of this kmd represents a second and latei stratum which 
we must remove if we would reach the actual hegmmnga of human 
music 

I have shown how the orientals can get expression out of the meie 
noise of percussion-mstniment music So do we also, m that we con- 
stantly use our kettledrums m symphonies, for example, not only as 
a purely rhythmical mstrument but as one capable of great expres- 
sion Wlien we come to look closer we find that the savages also 
Imew very well the twofold eharacter of percussion mstruments and 
that they were very much used Even unmusical tiavelem have 
noticed what a variety of pitch there is in the percussion mstruments 
of native peoples and particularly m drums They may be gigantic 
instruments, whose sountlmg body is a single, hollowed-out tree 
trunk and whose sound hole is merely a narrow slit, or small portable 
instruments covered with skms and hides, approachmg the form of 
our bass drums and kettledrums A hypnotic powei , such is the uni- 
versal opinion, comes from such drum playing The benumbmg of the 
senses arises m part fiom the sound quality of the vibrating nistiu- 
ments, and m part from the peculiar method of execution The roll 
of the drum winch is used in our military music is not chai acteristic 
Much more so is the monotonous succession of smnlar strokes, which 
continue unceasingly until the ear is entu’oly fillod with the sounds 
and the mind becomes confused 

The enthraUing effect produced by the peculiar rhythm, and the 
elemental character of the sound, explanis the often rejieated obser- 
vation that in the mystic festivals of secret societies and in funeral 
ceremonies the drums prove to be the most impoitant means of 
expression. Often have we heard of the horroi caused by the giant 
di-vims of the Aahaiitis or on Tahiti, when they gave the sign for the 
beginning of human sacrifice Some drums are such sacred instru- 
ments that their mere sound scatters the unprivileged, the women 
and children. Thus in Afnca the drum is often a fetish to which the 
highest veneration is given 

There is another group of instruments which equal the most vener- 
ated dnima in magical power — the whining instruments. One of 
these mstruments, the Waldteufel, we have aU swung in our childhood.' 
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In childi'en’s play, old traditions are often kept ahve, and so we may 
well considei whether the Waldteufel is not hlvewise brought down to 
us fiom olden tunes, when magic was the highest world philosophy 
The name, alone, appeals to indicate that the sound of this simple 
mstmment can cast a spell over an entire forest, and this demoniac 
power the Waldteufel still has to-day among some savages In their 
buz2dng sound they hear the voice of a supernatural being In New 
Zealand whuTing mstruments were used until lecently for weather 
magic and in Western New Guinea they are indispensable m the 
ceremony of cucumoision and in the gathermgs oi men "Through 
the whole of Austraha,” says Howitt, "the WaUteu/el is one of the 
most sacred and most mysterious of objects which is used in iclation 
to the sacred ceremomes. Neither women nor children — I might 
even say, in general, no unimtiated pemons — daie see it, or they 
would be threatened with death Novices are enjoined that in case 
they acquaint the women and children with it, death will be then lot 
either through violence or in consequence of magic The reverent 
awe with which the imtiated regaid one of these mstruments, when it 
is sent about to authenticate a message which calls them to a cere- 
monial gathering, is very stnlong ” 

We will introduce an illustration heie which has a psychological 
significance Lena gives it in lus "Sketches from West Africa” 
regai’dmg the influence of tom-toms 

Duimg th.6 dance of the madicme men in Aschuka seveial yoimg people became ill 
from the sound of this nistiunient and the whole exciting scene They rushed sud- 
denly out of the circle, ran around in the field on all fouia hke animala, and began to 
rave, only with difficulty could they be overpowered and taken away But here m 
the village, m the hoirible dances of the Oganga, there is scarcely any end to these 
occiuences, wherever one looked one of these untorl unatea was wnthiiig on the ground, 
and the old men and women had much to do in ordei to bring them into then huts 

We are accustomed to find rhythm somewhat of a stimulant and 
inspiration, and the number of woik songs also goes to egtabhsh such 
m opinion of it But examples hlce those mentioned above show 
us that, besides the stimulating rhytlim, there is also a paralyzing 
soporific one The stmiulatmg ihytlim may be derived from any 
regular sound, even such meaningless noises as handclappmg and 
the stampmg of feet For the hypnotic rhythm, on the contrary, the 
quality of the tone and its mode of expression are of the utmost 
importance. The stimulating ihythm belongs with a more developed 
melody, which is either foreign to the hyimotic rhythm or destroys 
it- We have m the former an art of iones, m the latter the art of tone. 

In thinldng of the strong contrast between these two kinds, of 
music, no doubt can exist that they ai-e derived from entirely diffefent 
stages of development; the question ako ai'ses as to which of the 
two kinds 13 the older — the stimulating music or that of hypnotie 
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rhythm — the art of touea or that of tone The fact alone that in the 
Eirt of tone the principle of the horizontal, or two-dimension, mu&ic 
la much more forcefully conveyed than in the ait oi tones, is sufficient 
to load ua to regaid the hj^pnotio ihytlrm as older than the stimulat- 
mg rhytlun, and hero we encounter the voiv impoitant consideration 
that magic and witchciaft are inextiicably bound up ^vlth all hyp- 
notic art 

The belief in witchcraft is the obloat known philosophy oi the 
world What, significance tins belief possesses in connection with 
the prinutive history of music, and indeed with all art, we shall 
considei at the close of the article Here we are chiefly concerned 
with the fact, on which stress must be laid, that in the music of 
primitive peoples traces of an epoch of belief in magic are btdl 
everywhere recognized, most conspicuously in weather magic, to be 
mentioned later, and almost as strongly in some of the practices of 
the medicme men We must consider a statement like that of 
Lenz on the effect of tomtoms, if we would uiKlei-stand the full 
significance of music in the early lustory of medical science. Musical 
healing is widely practiced among savages, and there is manifold 
evidence that it is also occasionally effective We should not, 
however, compare the effect this music has on the colored races 
with that which it has on us. Nusshaiim was not so far wrong » 
when ho warned us that in connection with certain old remedies 
that appear to us to-day entirely wi’ong, we must fh'st of all inquire 
into the character of the people that occasioned such prescnptions 

The spirit of the most prunitivo music of savages, liere under 
consideration, when we separate the oldei from the oldest, carries ns 
hack to those early cpoclis m the history of ciinlization wMch were 
dommated by belief m. magic, and our first conclusion may be stated 
as follows In the entirely unmolodic, purely elementary music, 
whose rhythm is articulate, and either not at all crude (as ivith the 
wmd mstruments) or entirely so (as that oi drums), we recognize 
the first musical attempts of mankind. In this music, which in the 
main only confuses, the principle of the horizontal or two-dimension 
musicals unquestionably supported 

One of the most fundamental characters of such an art, is that it 
does not develop melodic instruments nearly so abundantly as 
percussion instruments Any vaudeville theater can teach us how 
clever musicians can maJte purely noise mstruments melodic also. 
We laiow the performance m which differently toned ivine glasses are 
manipulated hke a keyboard, the performance on a hod by nUNical 
clowns, with merely a penholder to suggest melodies hv '^hoii or lopg 
strokes. Tendencies to such arts we find here and there among 
primitive peoples, but they remain merely tendencies Schaueuhui'g 
relates how a negro of Kujar made his signal drufa almost hpeak as 
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lie struck it with, has right hand, and variously modified the sound 
by all sorts of muffling manceuvei-s with his left Witte has recently;' 
thoroughly investigated the "drum speech” of the Ewe tribe and 
reported on it in the "Anthi'opoa” (Wien, 1910, Heft I). From Ins 
very clear statements, it presupposes a power of undcretanding 
whose development does credit to the ear of prmutivo peoples, but 
does not involve an appreciation of art The percussion instrument 
most capable ol producing melody ls the famous miuimba ot the 
Kaffira, a knid of xylophone made over hollow gourds as sounding 
hoards The metal wind instruments remained eutu'ely undeveloped. 
They were only of value for signals Moreover, most of the so-called 
trumpets servod principally, not to produce tone, hut only to increase 
sound, they were to be shouted mto like a speakmg tube The 
strmgod instruments stand on a somewhat Inglier level though we 
find forms sunilai to the harp, guitar, and zither 

Certahily all the strmgcd instruments are later than the percus- 
sion instiumonis. The fact has aheady been dcmonsti ated that none 
of the finer melodic instruments have any rehgious sigmficance. The 
only musical instruments which by tradition or use are exceptions 
are the men’s flutes of the Papuans of iSlew Guinea (whose tone was 
regulated by a shdmg rod) , the ram pipe of the Basutos, a land of 
horn made out of hark by the Indians of Eio dos Uaupfe, one of the 
tributaries of the Rio N egro (women who obtam sight of it are ruth- 
lessly poisoned) ; and a shell trumpet used by the priests of the Fiji 
Islands in sacicd processions. None of these mstruments, however, 
in the maimer in which they are used produce melody All nielodicall}’' 
used instruments, on the contrary, have neither a magical nor paiticu- 
larly a religious character. They are seculai, which fact certamly 
mdicates then late origin. 

It is necessary now to establish the origin ol the (hfiereut mstru- 
ments The most obvious and formerly most cornmonlv accepted 
view was that primitive peoples had independently contrived the 
whole of then* orchestra, and had peifected it from rude bcginnmgs 
This supposition is, however, strongly shaken by more lecent mves- 
tigations Ihus, it has been shoivn in the case of the most interesting 
melotbc instruments that they have not resulted through development, 
but are rather retrogressions from more peifect bon owed examples, 
rhe negro harp boasts its origm from the corresponding old Egyptian 
mstrument, the pipes of the Kubus in Sumatra ar.- ' 

J avanese civilization (Hornbostel) , the marimba unit , < i . 

Indian predecessors (WaUoschek), and tbo lute came tu’st to Africa 
With the Arabian mvasion (Ankermaim) 

It is now m the highest degree imperative to observe m what 
threetmn the retrogression moves, The worlcmanship becomes care- 
leaS} the oontoims of the insti’uments are less sharply defined, a poorer 
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inatoriai is used lor the strings, and, in short, mdifiorence is shown 
toward all those elements which the melodic music poiception at one 
tmie built up with the most painful exactness But theio is one part 
of the strmged instruments in which we see not a rotrogi essioii but a 
clear development That is the sounding board All well-developed 
music cultiu’e icgards this as a mere sound sticiigtlieiier Eveiy form 
of resonator represents an imlmiited number of musical experiments 
Only the work and the traditions of many geneiations could detei- 
mine the form to be finally accepted, Avhich is so important m the 
mattei of tone color But tliia foini once settled upon the jilayei' 
need no longer trouble himsclt about it 

It IS otherwise with primitive peoples In handlmg the boirowed 
instruments they were convmcetl that the soiindmg board produced 
a sound like that of the strings This sound they thought could be 
made better by a transposition of the soundmg parts Hence, they 
ahnosi always rcAconstructed the soundmg bodv so that it formed a 
drum In playing, this drum is ]ust as industriously used as the 
struigs (which explams also the quite radically different way of holding 
the matninient), so that the melody always revolts again to pure 
rhythm In a word, from a well-thought-out instrument ol melody 
has been evolved a somewhat more complicated percussion mstrument. 

This also goes to show how yet undeveloped are the musical ideas 
of piimitive peoples under the ban of an idea which always loses 
itself in the subtleties of the pure rudiments of sound Wliat the 
consideration of rhyilimics and of instruments teaches us will be cot - 
roborated by the harmonics and melodies of primitive peoples 

Of couise our chords weie unknown to these peoples Then’ music 
except m a very lew particular mstances, is altogether m unison. 
And this miison naturally does not arise fioni the fact that the women 
and children accompany the men an octave higher in the roundelays. 
Octaves can be made a very expressive means of harmony, as la 
shown m the worlcs of Chr Snidmg and also Puccmi. But among 
primitive peoples the octave is nothing more than a strengthened 
smgle tone 

The two foUowmg phenomena are not c[uite so simple a matter as 
the parallel octaves The Berlin Phonogrammarchiv, which is con- 
ducted by Dr Abraham and von Hornbostel, contams unequivocal 
examples of songs of pruuitive peoples which were sung m strict fifth 
intervals, and one can not disregard the fact that Leopold Mozart once 
heaid street smgers m Italy smg then httle ditties in perfect fifths 
Such musical talent was not a bit finer than — mdeed it was quite 
similar to — ^what we observe in our village musicians when they smg 
in fifths, though, "unfortunately,’' says Wallaschek very ]ustly, 
“wfi’ 1' '■ ■" r ^ ad done it or wishmg to do it ” Thiia, 

-wei . '■ fifths as well as the parallel octaves of 
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primitive peoples as nothing more than a more fully mstiumentated 
unison 

But tins IS fuUy contradicted by the last and most interesting case, 
about which something has ah’eady been said in this article Mi’. 
Thurnwald, on his last expedition, recorded on a phonograph several 
songs of the Admiralty Islandeis, concerning which, after caieful 
analysis, von Hornbostel remarked that all the dance songs from 
Baluan are two- voiced, and move in seconds, and usually close with 
this intei’val Thus, aside from occasional unisons and quite iso- 
lated cases ot greatei intervals, discoids were exclusively used 

Not eutnely isolated is tins use of seconds, ui the double sense of 
the word. It is also found in Istrian folk songs, and, further, although 
confined indeed to a few examples, among the Makua of East Africa 
and the Wolof of Senegamhia Franchinns Gnfnrius (Fiactica 
Musicm, 14961 reported that in the Ambioaian funeial htanies m 
Milan among other inteivals are to be found also passages in seconds. 

These new observations must certainly be taken, into consideration, 
and they force ns to restore again an already half-chscarded hypoth- 
esis for the explanation of the above-mentioned passages in fifths in 
the tone art of piinutive peoples Theorists have been reminded by 
tliem of the corresponding succession of fifths in the Organum of the 
Flemish monk, Hucbald, of which we will speak again later This 
comparison, as well as that of von Hornbostel with Francbinus 
Gafunus, is to be reflected upon The question resolves itself into 
this ; Can we point to that which on the one hand primitive peoples 
show in their parallels of fifths and seconds, and which, on the otlier 
hand, the church shows in the Oiganum of Hucbald and in the Milan- 
ese funeral htanies as a buddmg complexity of tones, or must we not 
rather conceive of it as a deterioration, as the unmeamng curtailment 
of a harmony ot tones rich m sense, which is piacticed outside the 
circle of influence of pnmitivo peoples, as of the church, and by 
whom It was only borrowed and misused 

I win not antici 2 >ate, but I must indeed bring out here the fact that 
in the case ol the church only the second supposition, that of a 
deterioration, k tenable And it is not otherwise in the case of the 
primitive peoples Their jiassing relation to higher musical develop- 
ment is shown just as plainly in their paraUel of fifths and seconds 
as also in the quahty of their finer melodic instruments But, just 
as hopelessly as, with their dull music perception, the boiTowed 
instruments of finer quahty were sacrificed in a gradual deterioration, 
just so hretrievably weie sacrificed the elements of hai’mony. They 
may have taken over tlie elements iti their pure and noble forms, but 
these forms must necessaiily have with them deteriorated into such 
rousica.1 hybrids as their parallel fifths and%ecoiida , 

Mb’ V dl now pass to the consideration of the intervals which are 
, pharactenstie of the music of really primitive peoples Earlier it was 
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the commonly accepted supposition that at ftrst large mtervala 
'(octaves, fifths, and foiuths, especially) received most attention, 
and that between these wide inteivals smaller and smaller ones 
were gradually in tei pointed This hypothesis is ethnologic ally 
untenable Ethnological obseivation shows, on the contrary, with 
what caution the melodies ol primitive peoples move upward and 
downwaid in the smallest intervals If we would iindeistand the 
oldest system of tones, wc must heai songs like those oi the Veddas 
in Ceylon, winch are sung .almost wholly in seconds. Even smaller 
intervals are distinguished with groat certainty, though to our 
anharmoiuc eai thev no longer present diflerences 

That there are quartei tones you become painfully aware m the 
execution of every singer who suigs oft the key, and every good 
viohiust demonstrates it when in reaching up for C-sharp he strilces 
somewhat lugher than he does when sliding down for D-flat, which 
on the piano is identical with it The Arabians make a distinction 
even to-day between the anharmomc tones, so that their chromatic 
scale, instead of 12 tones, contains 17 Smeo the phonograph has 
afforded us exact measurement, we know that these finest differences 
are much more clearly distinguishable to the horizontal music per- 
ception than to oiu’ vertical music perception It is ceitaiu that 
quarter tones are known among the Austrahans, the Maori, and the 
inhabitants of Nukahiwa One feels great lespect for the perception 
of absolute pitch among primitive peoples when one learns that in 
Samoa the alarm drums of each island are tuned to a different pitch, 
and that any of them can be identified by the neighbors of those 
striking the alarm Such delicacy of oar is with us not at all a trait 
of every musician, and it explains to us the fact that for the develop- 
ment of the most vaiicd melodies the range of a minor thu-d was 
sufficient among primitive peoples Karl Hagen describes incident- 
ally how in an Austrahan battle-song tbe sudden trangition to such 
a minoi thual gives an effect like the " overpowermg expression of 
pain ” 

The Mmcopie m tho Andamans may, according to present informa- 
tion, stand as the most perfect in this primitive art of producing 
music. All their melodies move around one tone from which they 
vary, to our ear, only a half tone upward and a haff tone downward 
But both the nunor seconds, into wluch the musician must condense 
aU his ideas, appear richer m life than we would suppose. Portmann 
has made a more precise study of this music, and he believes that 
transition^ even so slight as an eighth of a tone must he considered^ 
Thut I'mo 11 L..V be melodies here which oui- broader art perception 
pa vs no >iiL('u[ion to The monotonous up-and-down movement 
of these songs is rhythmically accompanied by hand clappings and 
the atriking of the pukuta, a simple plab, which lies on the ground 
and is played with the heel. 
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It seems impossible to find anything more primitive than such a 
tone art, which compresses a brief motif into the range of a second ' 
repeated untu’uigly Yet the songs of the Andamans themselves 
are rather more music than rhythm, and as such they portray a 
higher stage of development As the bull-roarer, the oldest and 
most sacred instrument, had not yet attahied a firm, definite, well- 
boimded tone, so also the oldest, Shamamc-practiced vocal music 
can have known at fu'st only indefinite melodies Its curve shows a 
regularly rising and falling wave line, and not the steji form of the 
later melody It was a gliding of the voice, not a progression by 
steps For the magician who exorcises the storm or the hunter 
who imitates the cry of a beast, the eighth tones of the Andaman 
music constitute a melody in steps 

Combining all of the foregoing, we maj^ formulate it briefly some- 
what as follows AYherevei in the music of primitive peoples large 
intervals are foimd, and a melody related to our own, we there have 
to do with a secondary condition, an element foreign to the oldest 
of human music Older than the large intervals are the small ones, 
which through a well-developed feeling for rhythm were artistically 
ordered Still oldei, however, than the feehng for distinct rhythm 
and for all inteivals is the feeling for ghdmg melody and finally for 
the sunple elements ol sound 

In other words, the apparently quite simple and elementaiy music 
of primitive peoples shows, on closer inspection, a threefold stratifica- 
tion ( 1 ) The music of the magician (developed in a preammistic 
peiiod); ( 2 ) music as rhythm (developed firat in an ah'eady past 
epoch of social orgamzation; it may remain undecided whether here 
we should vnth Wallaschek recall war songs and Imnting songs, or 
with Buchei call to mind labor songsj, and ( 3 ) music as melody 
(developed fii’st in contact with peoples in a lugher stage of culture) 
It 18 necessary now to examine more closely how these strata are 
separated and how one followed upon the othei Tins is, however, 
impossible unless we fii’st malce it cleai how the most pnimtive music 
IS 1 elated to the tone art of ancient Europe, from which our music 
has developed 

2 PREHISTORIC EUROPEAN MUSIC 

Fontaine narrates in an occasional poem how, in walldng through 
Copenhagen, his uttontion was attracted to a placard with the heading, 
“Lpxen Konzert ” He asked lus companions what “Liiren" meant, 
and it was explained to Inra thus 

Luren, in the days of the Gotonee and Gelte, 

Our Northland tiumpeta were called 
They weie horns seven feet long 
Their sound was a battle call 
The Luren, long before Gonn the Old, 

' Sounded over moor and heath ' ’ ' ' ‘ 



MTJSia OF PEIMITF/E PEOPLES — PASTOB. 


689 


''Long before Gorm the Old” — as archeologists we know that long 
. before the days of the Gotones and Getse— -these strange giant horns 
were cast They aie recognizable already in the northern Bronze 
Age — mole exactly in the second period (accorchng to Montehus) , that 
is, in the fourteenth or fifteenth century B C They are found in 
southern Sweden and Norway, Denmark, Schlcswig-ITolsteiii, Meck- 
lenburg, and Hanover— lands therefore, of the North-Geiman-Scandi- 
navian culture ciicle, towai'd which Germanic pnnntive histoi’y 
gravitates With these luren the history of oiii fa mili ar European 
music begins 

It 13 truly with beautiful and inspmng sounds that it thus begins. 
The luren can still be played upon to-day Then sound is soft and 
full, having somewhat the character of our old trombones The 
deep, funnel-shaped mouthpiece also corresponds to that of our 
trombones, wlnle the system of its tube, which is comcal throughout 
its length, corresponds to that of the modem French horn Twelve 
tones, in thi'ee and a liaK octaves, can be drawn from the instrument 
with ease, and a clever performer can increase the number to 22. 
It has been attempted to make exact casts of the luien, but this has 
not succeeded The mner surface of the walls, which are only 1 to 
1 6 mm thick, wo are unable to make as smooth as m the origmal 
instruments, and it is exactly this smoothness which is required for 
the perfect purity of the tone 

But we are not the onlv ones to whom this teclmology is unlmown. 
Even in the time of the luren people it was not undemtood outside 
of the North-German-Scandmavian culture cuclo We have no such 
perfect musical mstrunients from any other region, hence we can say 
that a smgle tone from the tube of the luren, m its radiant purity, 
dissolves mto uothmgiiess all those fantastic pictuies which lepresent 
to us the German Northland as having been the home of a half-wild, 
barbaric people who, m then- culture, did not admit of any compaii- 
son with thos'e of tlie South and East 

In 1892 some luren were brought mto use at a meotmg of the 
Antiquarian Society of Copenhagen by a number of concert players. 
A report on tins noteworthy session may be found in the Zeitsclirift, 
fur Ethnologie for 1892 The admuation was greatest when the 
musicians without difficulty played some folk songs and marches 
This was possible on account of the large mtervals of tlie luren, which 
' are in the natural key With such msiiuments at hand a return 
would not be made to the monotony of a rigid hoiizontal music. 
Thus the Ipren furmsh us clear proof that already more than 3,000 
years ago Europe possessed its characteristic music, and that on this 
music is based our piesent musical perception, which is so sharply 
differentiated from that of primitive peoples. 
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But thero is still anotlier coujocture of much deeper import which 
arises through the discoreiy of the luren. Angul Hammerich hrsU 
pronouaced the opimon m the “Memoirs of the Antiquities of the 
North’' that the luren-foik might already have been acquainted ivith 
a weU-doveloped two-voiced music, which corresponded to our har- 
mony in all essential elements It must bo remarked that the luron 
performers wore always depicted in pans, as, for example, in the 
Ilalle designs and the well-known tablet of the civic monument In 
agreement with that, the Inren themselves are almost always found 
in paii's. They ai'o always similarly shaped and coiiespond exactly 
not only in size and ornamental decoiation but are tuned exactly to 
the same pitch The possibihty arises from this that the two luren 
players played in unison, but it is not clear why one would wish to 
heal’ the same notes from two players. There is a strong probahdit}'' 
that the int<irvala of the two luren were the same. Our folk songs 
progress in thirds and sixths bound together by fifths and fourths 
when they are sung as duets. In this form also the luren performers 
could play them perfectly well It is probable at least that the luren 
people were aheady familiar wth two-voiood songs, and that our 
two- voiced hunting signal already resounded in the German primeval 
forest. Such a view becomes almost a certainty when we see how 
the historical loiowledge of the primitive history of polyphony leads 
us back again into the German Northland, and to the secular folk- 
songs found there 

To a musician there is no need of proof that a people who had 
luren must also have linown of stringed instruments of a well- 
developed land. The oldest literary testimony rogardmg northern 
stringed instruments reaches back only to Diodorus, who describes 
the satirical songs and 1.ho hymns of the Celts and Germans, who 
accompanied themselves with lyre-lfice instruments. Three Gallic 
coins of the time of Caesar acquaint us with the form of those instru- 
ments They coirespond throughout with the oldest Greek stringed 
instruments. From a sounding board a horn rises on the right and 
another on the left, and the horns are bound together by a crossbar 
from which the stnngs extend to the sounding board 

The norihern origin of this instrument was, moieover, probable, 
Greece had not possessed instruments of this land for a long time 
when that money was coined, and it is not to be supposed that the 
Celts and Germans busied themselves vnih classical antiquarian 
studies. There is an old traditional saying according to which the 
ancient Greek zither was of Thracian origin. Direct testimony of a 
prehistoric land for the confirmation of this idea was desirable and 
this we have now had since 1892. Near Marz in Hungei v wmo found 
the weh-laiown black urns ivith figured designs (itlustiated by 
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Hornes), and Heischei recognized on one of them a player mth a 
four-stringed lyre winch corresponded exactly ivith the form on the 
Galhc coins 

The further developmental history of the northern Ijne places us 
in the fortunate position of being able to make some assertion rogard- 
mg the tuning of tho stimgs Fleischer hiis hoio ahoady drawn the 
necessaiy conclusions Tho next highoi typo abovo tho Marz form 
wo have in the oolebrated Liipfenborg find dating fioni about the 
fouith to the seventh contmy of tho Clmstian ora and now m tho 
Berlm Museum The instrument is no longer tlireo-stnugod, but 
six-strmged Tins old German instrumont is itself again the unniis- 
talcablo imlc between the Marz typo and the "West European chrotta, 
which was alieady mentioned by Venantius Fortunatus, and continued 
in existence m Ireland, Wales, and Brittany until the begmmng of 
the mneteenth century. The thick si, lings of tho chi'otta are tuned 
to the fundamental tone, the fouith, and tho fifth of a lower and the 
next highoi octave In the seven-stringed mstrumeuts tho last 
stimg repeats the fundamental tone higher up On account of the 
endurmg poisistenco of folk customs there can be no doubt that 
the three or four strmgs of the oldest northern zithers weie tuned 
in the same way. It is to be observed, further, accordmg to Boethius, 
that tho oldest Greek zithers woie hkoiviso tuned to the fundamental 
tone, fouith, fifth, and octave They are the constant, unchanging 
intervals of the entire European music system 

The luren and lyies indicate such a distinct and purpose lul music 
that one can believe that the discovoiy of the crudest notation must 
have itisured for it the lughest and quic-kest development But ifc 
did not reach this development untd veiy late, ^'kn entuely stagnant 
and musically steiile centut^'' intervenes between that firet epoch of 
the foundation and that othei one of the development In this 
period the development of the veitital Eurojieaii music was inter- 
rupted by something which in its kind was lemarkabty similai to 
certain musical developments of the South and East, namety, the 
old church music 

3, THE MUSICAL SENTIMENT OF EARLY EUROPEAN CHRISTIANITY. 

The words “chuich music’* havefor us to-dav a very beautiful sound 
We thuik of Palestrina or of Bach and tho hundred-voiced choirs and 
organ music All surge together in a mighty and majestic harmony, 
a wonderfully «ublimp music, which at the sound of the church beU 
dommi'Loi w ■(!<' =tiel{'''U'‘^ of coimtry. That so much beauty could not 
corre io O', I'ilIIv comph'ie is clear without further explanation The 
fomidations of i,he whole we owe to the church We are lominded 
here of an old and quaint misconception Gustav Freytag gives the' 
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best expressloa to this when, in his “Pictures of the German Past” he 
muses on how solemnly the fiist bells must have sounded in the 
German primeval forest Now these fii'st church bells weio small 
mstiTimeiits made out of pieces of tin and non nailed together and 
hung m clumsy wooden frames, and then sharp tmklmg was ccitamly 
not an agreeable sound. What we call church music, howevei, has 
no othei i elation to tho musical art of early Chnstiamty than that 
which the sound ol our splendid church bells has to those miserable 
tuikhngs. 

We have at present the opportumty of demonstrating the effect 
of the old Christam chuich music m tho numeious foims of the 
htuigic songs which the chuich has pveserved ivitli exact fidelty, at 
least as rcgaids their tunc iGnong aU these forms there is scarcely 
a more eloq^uent one than the responsive chant of the htaiiy on a fast 
day Kegai'ding the sigmlicance and the range of tho idea of the 
cantns planus, or plain song, one may dispute, but what musica plana — 
that IS, even, compact music — means, everyone knows who has once 
felt the chaim of the powerful htuigic songs. The monotony of 
these songs, which we, fasemated, can not discern as coming fiom any 
particular place, and of which tho lively ihythm of the woids does 
not reheve the ugidity benumbs the senses and makes them sus- 
ceptible of suggestions of all kmds It is entirely immaterial what 
immediate, ongm one may assign to the old Chiistian psahnody, 
whether to the Jewish responsive chantmg, the Greek ceremonial 
music, or (as is made pi oh able by the latest investigation of music) 
the jomt spoken prayer that the priest pronounces first and the congie- 
gation repeats after him, always in the same leatramed pemtent tone, 
one may say, winch characterized the litany The essential fact is 
that the clear and unmistakable geneial character of the old 
Christian psalmody approaches the primitive horizontal music, and 
that it is entirely foieign to the characteristic European feeling 

Attempts aip constantly made m ceitain quarters to asciibe to the 
oldest chuich music a definite sensuous beauty which it can not 
have had The cantus planus itself must be a very late develop- 
ment and identical with the cantus firmus, a fiim puncipal part 
around winch a series of subordinate parts are woven. From such 
beginnings it is not possible to explam any litany, or mdeed any later 
choral It can not have been different with music than mth the 
structural arts. We see the Christians takmg over tho types of 
classical ait, but with their transfeience the old hfo was unfavorably 
affected The ancients thought in marble and bronze, while Christen- 
dom, hko priestly E^t, thought m gianite, and a granite saint must 
hold the same relation to a Greek statue as the eaily church music 
to the musical art of antiquity A really free, lightly moving music 
would have been the w Idest disturbance in the early Christian church. 
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The bishops and popes, morcovei, knew how to preserve the simplicity 
of then- granite style 

Our picture would be incomplcto if we did not bniig to mind what 
the occloaiastical authoiity mado out of the social position of sing- 
ers and performois Wo loiow how highly singois were appieoiated 
in the old courts, what osteem the ''Slcopon’' had, and the noble 
forms of Volkor and Horand aro familiar to us from the Nibehmgen 
Lied The church knew how to hieak down this nnivcisal respect. 
In the eyes of its authorities the smgors and peiformois wcie worth- 
less vagabonds Though they woie the piidn of tJio hall, they wore 
branded by the chinch as “the cliddiou of the devil,” and as home- 
less “ Himmelsroicho ” were chased into the Inghways, wheie they 
might associate with other wandeiing people, jugglers, quacks, and 
jesters 

A tribe of really worthless vagabonds, it is true, associated with 
the minstrels They were the musicians of tho South, who left Rome 
and Italy because tho church was uncongenial to them. One knew 
how to distinguish shaiply between those wandering and worthless 
people and tho respected native musicians. But as tho church then 
also counted those northern musicians among tho worthless, in so far 
as they clung i,o hoathemsh traditions, these distmctions were oblit- 
erated In tho ‘^Saxonspiegel” the interpretation of the church 
became a law, according to which a player was as much an outlaw 
as a thief or an outcast Under the Swabian and Bavanan law he 
was only allowed in cases of violent assault to strike tho "shadow of 
his torraentoi ” Those wore quite other tunes than the ones in 
which tho "Lex Anglioium et Warmorum hoc est Thunngorum" 
punished those who injured tho hand of a harper four times as 
severely as those who mjured the hand of anothoi fieeman 

Just as httio as the good heathenish practices and legends could 
be taken away fiom the people by the most heedless fanaticism, just 
so little could the hoaviost ban of tho church destroy that which the 
despised and condemned musicians took vnth them out onto the 
highways In the midst of thexr necessities those musicians kept 
pure the traditions of European music and we have to thank them, 
befoie aU, that finally in the unwelcomed introduction of polyphomo 
music Europe had again resisted the Orient as legards musical art. 

4 EVOLUTION OF POLYPHONIC MUSIC. 

It is the last musical phenomenon with which we aro occupied 
here. The erroneous views which aro cuiTent even in many scien- 
tific GU’cles regarding the ongin of harmony oblige us to digress a 
little further According to an old assumption, the fiist intervals 
Vhich were perceived both as connected tones and as expressively 
85360"— SM 1912 45 
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beautiful ones were — after tlie octave — the fiftli and the fourth 
■VVe have seen that the octaves in oui music have obtained a ceitain 
value of Gxpi’ession The game is the case with open fifths and fourths, 
which tor chaotic and terrifying parts aie almost a land of musical 
hieiogtyphics, for example, the introduction to Boethovon’s ninth 
symphony which the opon fifth dominates, and the entrance of the 
marble statue in Don Juan which the iiowerful fourth intervals of 
the drums charactoiize The fourths and fifths have such a value of 
expression only in vciy rich and deep harmony In themselves 
both intervals are ]ust as neutral and inoxjiressive as the octave. 
It is quite intelligible that in part songs the upper or lower voices 
are placed in the fifth or fourth and that in tho alternations both 
voices occasionally hit upon these intervals Such a combined tone 
would natuially, however, not be pciceived as expressive, but only as 
a more clearly accentuated unison 

Notwithstanding, only recently imisical theorists have asserted with 
great dofimtenoss that the polyphonic European music began with 
open fouitbs and fifths The assertion was supported with many- 
noteworthy citations from the ^'De Haimonica In&titutione, ” dating 
from about 880 A D , which is aaenbed to ihe Flemish monk, Huctiald. 
The OTgamim, or diaphony, of liucbald intioduces as a novelty tho 
pi'ogi'ession of the melody m open fifths and fourths, or diapentes and 
diatessarons Now m our textbook of harmony tho fust lulc is a 
strong prohibition of jiarallel fifths and foui'ths. The piohibilion is 
based not on cold theory but on the distinct rccogiution of the fact 
that the sound of such parallels is extremely clisagTeeable One 
must be very obtuse musically not to perceive this if Hucbald 
enthuses over the "lovely harmony wluch arises from such a combi- 
nation of tones,” he may mdeed have been a great scholar, but he was 
certainly an extremely bad musician, and we must ask oui’Selves 
whether the good monk did not mvolve his chm-ch m a fundamental 
misunderstanding by taking up the polyphony practiced outside the 
church, of wluch, from the schoolmg he had received from Boethius, 
ho had gi'asped only the merest ludunents 

The newest mvestigations of music have fully established this view. 
The work "Dc Harmonica Institutione” appeared about 880 A. D 
At least ,30 years earlier Scotus Erigena published his "De Divisione 
Naturae” We will, followmg Hugo Riemann’s "Histoiy of the 
Theory of Music,” listen to a critical passage out of this old Work. It 
says : 

Tbe Bong called oiganiim conasts of tone^? of different lands and pitcli -wliicb noW 
sound separately from eacb other lu -wide intervals in a -well-oicleied relataon, and 

now, m accordance mth a cei tain established lule of - • ' 

styles of chm ch mnsic, come together and thus prodi , 

Prom this passage two thmgs are clear — first, that with the ctis-, 
■ covery of the so-called organum Hucbald had nothing to do^ that it 
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was a musical foim winch, was Imown long before and commonly 
'piacticed outside the chm’ch, second (aud this is moie important), 
that the earlier i'oim was moie richly developed What Scotus 
Erigena described is a two-toned thenio in its highest development, and 
hence beyond meie tlmd and sixth progressions Thus the fact is 
estabhshed that long before the chiu’ch the people laiew the two-poi't 
theme and that the ecclesiastical locognitioii of this musical form did 
not piomote it, but on the contrary idiockcd it The reaction did not 
stop with Hucbald Lcderer lemaiked ui Ins book, “On the Home 
and Ongm of Polyphonic Music,” as follows “The chinch m the 
iJiddle Ages cvidentlv assumed the most hostile attitude toward 
polyphony as an art foreign to its fnndamcutal principles, and we 
could pioduce mstances from Gcimany, France, England, and even 
from Iceland, m which the chm'cli authoiities look action against 
polyphony Pope John XXII finally, in the year 1322, m the buU 
‘Docta Saiictornm,’ solemnly expelled it, rooted it up fioin the 
ground, and lejccted it” Polyphonic music was dissemmated 
through Europe, not through but m opposition the church 
The question may bo asked whore its sources are iii reahty to be 
looked for This has received diffoieut answers Fetis has assigned it 
to the Noimans, Guido Adler to the old folk songs, and Eedeier to the 
people of Brittany, while Fleischer and Gcraldus Cambrensis pomt to 
the Hanes and Norwegians Othois allude to the construction, of 
ceitain secular mstruments that can only be played in mtervals. 
The most important are the oldest violms, thrce-strmged mstruments, 
in which for a long time the bridge was wanting, but afterwards when 
introduced was cut off hoiizoiitally so that the strmgs had to be played 
m unison Two things are common to all these mvestigations—first, 
that all polyphonic music is north Eui’opeau, and, second, that it is of 
secular, or at least of heathen, oiigin As archeologists we must con- 
tend agamst the acceptance of such an origin as inconceivable, and 
if we have any hypothesis to propose it is that the begummgs of 
polyphomc music he very much further back, that the Luien people 
were long famdiar with it, and that it is not absm’d to hold that the 
two-voiced muszc is as old' at least as the Germans 
It 13 rather an idle question as to which mtervals were fu'st clearly 
grasped as such, which, to employ a comparison of Stumpf’s, first 
combmed themselves into a fii’in skeleton, while the others stiU 
remained the weak parts of the musical body It is possible that in 
the sound of the so naturally produced octaves, fifths, and fourths 
the knowledge of mtervals fii’st dawned Not in these fixed and 
' therefore mexpressive intervals which are common to both kmds of 
scales could music have become au art m the highest sense, but 
through the active intervals by which the major and mmol' scales 
change, especially the thirds and sixths. The sharp produces the 
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major scale, the flat the minor scale, and when one had first recog- 
nized these difTereuces, namely, the wide, light scale of major third’ 
and sixth and the narrow, dark scale of the same ramor intervals, 
the drffei entiation was first accomphshcd. The sunplest expermient 
can convince us of this, A melody m the major or oven in the minor 
third 13 exactly as dull and intolerable as a sumlar one in, pure fifths 
01 foui’ths. The varying light and shade m constant changes from 
the major to the imnor tlnrd pioduce the intrinsic life. With the 
introduction to these contrasts music became a leally plastic, three- 
dimensLoncd ait 

Only one question remams now to be answered A harmonic 
peiceptiou that can so clearly distingiush between laige and small 
intei vals is conceivable only when the so-called prmciple of tonality 
has been long established, that is, when the car has become accus- 
tomed to place every single tone of the melody in relation ivith a 
dominant fundamental tone from which the theme proceeds and to 
which it returns. Theie has been much contioversy as to how the 
development of this sense of tone is to be xegarded It is agreed 
that the fundamental tone which we to-day employ as a measure 
for a long tune accompamed the melody audibly The bagpipe, 
ynth. its dioiic, serves as the classical instrument winch offers this 
pons asmoium to the unpracticed oar Rogardmg the antiquity and 
origin of the bagpipe nothing definite can be said It is indeed not 
necessaiy to wait for the discovery of the facts As we Icnow, the 
drums of prmntive people arc often pitched to quite definite tones, 
and if their regular rhythm accompamed the song, wc have here 
already a kind of organ pomi Incidentally it may be remarked 
that m the language of the oichestra the throbbmg repetition of the 
same notes in the boss is called a drum bass 

The case of the dioim oigau-pomt of pruuitive people, which was 
ulnveisal, is veiy similar to that of the discovery of a steam engme 
Primitive people boiled water, and with them, as elsewhere, the 
steam raised the lul of the kettle, but a black Papin is unthmkable. 
Now, turmng to our own case, m the perception of the intervals 
which are produced by accompanying the melody with a persistent 
fundamental tone lies the ongm of vertical heanng These inter- 
vals could, however, only be heaid by a people which tlirough its 
culture had been trained to it in the necessary mannei 

5 THE IKCORPOEATION OF THE FOEEGOING MATEEIALS INTO i 
OtlLTURE HISTORY 

We shall confine ourselves to the most important points 

The beginmngs of music lead us back to that unportant Stage of 
history that is dominated by superstitious behefs It is concerned 
with the cosmology which precedes all ammism. Its traces are stiU 



MUSIC OB’ PEIMITIVE PEOPLES — PASTOR, 


697 


to-day everywhere lecogmzable ui the greatest profusion, an evi- 
dence of how long it must have had power ovei mankind The 
clearest example is perhaps the so-called pictuie magic The facts 
aie well known A man obsessed by superstition (to take a com- 
monest example) believes in the power of affecting existence that 
his mere corporeal image possesses Hence the so common fear of 
the photogiaphic cameia Poitions of the body, such as clippings 
oi lian and uada, can, in magic homeopathy, produce e^nl effects 
To this circle of conceptions belongs also black magic, winch extends 
back mto remote histoiical tunes and m winch people still beheve 
Andi'ee gives some very mteiestnig examples of it in Ms essays on 
“Sympathy Magic,” and “Pictmes rob the Soul” (“New Ethno- 
graphical Parallels”) It is the same with amulet and tahsman 
behefs, and the idea of the inons Italian to insiue for hunself the 
protection of the particular sahit whose image he cariies m his 
bosom In the luck penny winch oui cluldien cany iii their pluses 
to attract other pennies the last dun tiace of this superstitition 
lemoms 

In its begminngs this entire magic art was not so stupid Napoleon 
was accustomed to wnte down a name wMch he mshed to remember 
and to throw away the shp of paper after he had learned the picture 
of the letters, Our whole mnemoinc system is based on the same 
pnnciple So, likewise, did the oldest bohef in picture magic have an 
entirely rational and purely empirical basis The one who “hit the 
cj^uarry ” best m a picture had the most fundamental training in obser- 
vation and thereby the best piospect to strike tile prey in reahty. 
TMs explains the oldest pi actice of tMs art of draiving wMch must once 
have been thoroughly systematic We have its precious reinams in 
the celebrated paleolithic cave and rock pictiues 

Observation of the naturalistic begimnngs of behef in magic on the 
one hand and of its later mystic developments on the other show us 
two strong evolutionary contrasts Prom an originally rational 
belief a magic behef has developed later That is the course of develop- 
ment as regards picture magic and it is m no wise different as regards 
tone magic wMch precedes all genuhie artistic music ^ 

The oldest soimd magic was also enthely rational, The observances 
in the two agi-ee It is a Imid of sound magic when advancing troops 
make an attack with hurrahs, and the strange war songs of various 
savage peoples, so often described, are also sound magic A hord of 
Maoris apd a troup of Prussian soldiers act here under the same 
h^jpothesis This magic reaches back, moreover, to the Hunting 
Age (if we may mention tMs epoch briefly here without talong up 
the subject of the very important results of the researches of Ed. 
Hahn) In tMs, the Mmters of the Old Stone Age differed in notMng 
from their living representatives, when they imitate the black ebek, 
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or whistle as bird catchers Just as clevei magic pictures of the 
primitive hunting art consisted of the drawings in caves and on rocks' 
the sound magic art was represented by the celebrated animal pan- 
tomimes, m which the animal voices were reproduced with much 
exactness 

' A word may be saul regarding these pantomimes It was foimeily 
a favorite idea of the culture theorists, that m the animal pantomime 
somethmg like a foieshadowing of a universal art work was to be scon 
and hence an uninteresting art perfoimauce As a result of the 
observations of Lichtenstein, Catliii, and Eeadc that view is no longer 
possible Yijo Him in his book on the origm of art remarlis quite 
correctly that '‘the pantomimes have in reahty just as practical a 
purpose as the hfelike pictures of animals with which hunters in all 
parts of the wmld endeavored to attract them game wtliin reach In 
accordance with the theory of sympathetic magic it is merely a seK- 
evident fact that the representation of a thing at any distance can 
influence the thmg itself, and that in this way a buffalo dance, even 
performed in the camp, can compel the buffaloes to come within 
reach of the hunters 

The deceptive appearance of an absence of utility, which m this 
case could lead to the error of mistaking a meie example of hunting 
magic for a display of pure diamatic art, makes one cautious about 
regarding any performance of primitive men as purely esthetic. 

Sound magic, however, also ai rived at a mystic stage in which it 
no longer sought to exorcise visible beings but demons We have 
learned to recogmze some of the phenomena of this stage, for example, 
the use of “bull i oarers” by weather magicians Tn the same man- 
ner the Basutos employ them mm flutes m times of drought Other 
piimitive peoples by whipping the water imitate the sound of ram 
which they may thus bewteh Very instruetive as regards this 
psychology is an anecdote which Mason relates of the Pueblo Indians 
In makmg a sounding vessel the women mutate with their voices the 
sound of a well-biu’ued vessel in order that these good quahties may 
be earned over to the unfinished piece 

A noteworthy sound-magic phenomenon which is ropoited of the 
Arabs gives us a clew as to how the originally so naturahstic belief 
slowly changes into the animistic To the Au-abs whistling is some- 
what sinful In whistling sounds they hear the “whispering of the 
spirits,” The sound of the wind is to them the voice of the departed 
It follows, therefoie, quite properly that the spirits which are, how- 
ever, feared are called by whistling. When the traveler Burckhardt 
whistled before the Hejazis they believed that he spoke with the 
devil. 

The sound magic finally became fully mystic and occult ui the - 
fetish drums and their curious manipulation This mystic 'sound 
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magic IS related to the natural magic of primitive times just as m 
Egyptian art the strongly stylistic foim of the new einpiie is to the 
realistic natural foim of the oldei If we compaie with the crudely 
Simple rhythm of an incessantly beaten fetish diunij the diamatically 
presented complexity of a swiftly moving amnial pantomime, the 
latei state of musical development displayed in the diumniiiig 
appears as an almost incompiehensiblo impovoiTshmcnt But theie 
also Egj^pt is to be lemembered The iigid style of the new empire 
only appears crndei when we separate the woiks fioni then envnon- 
mciit In the cultuial entity it is shown that what is historically 
later is also higher as regards development The i idlest annual 
pantoimmes themselves m all their complexity do not go beyond the 
imitation of noises, but the rudest fetish chumming itself offers, 
mstead of noise, tone Heie music firat takes its beginning as ait 
In the monotony ot a tone-art realized by the shaman the bearing 
found its first methodical schoohng, and so here also the latei is 
the higher Irom an evolutionary standpomt m spite of all apparent 
degeneration 

In the magical and mystical fetish drumming we observe foi the 
fh’st time how that element comes forth moie strongly winch m the 
following epoch dominates the whole musical development — namely, 
ihythin The next pi oblem as regards cultui e histoxy would be then 
to determine how fiom this rhythm, which is stiange to us, could 
spring the one we know 

, I believe here a significant remark of Livingstone's wliich is found 
in the books is of great importance Livingstone said that m his 
caravan he had been able easily to pick out tbe formei slaves fiom 
aU the lest The sound of the churns and of the Icudu horns appeared 
to call lip a luiid of '“espiit de corps” in all those who weie once 
slaves It IS not a veiy pleasing idea to thmk of a music which 
passes threateimigly over the heads of the natives like a whip, But 
the tone-art has also gone through this metamorphosis 

To repeat, there aie two lands of rhythm for us to recognize; the 
free and refreshing rhythm of a later time and the doleful, disquieting 
rhythm of an earlier day In the doleful rhythm of the sacred pei- 
I ' - pite the diums, there was given to the shaman 
. ■ .ifluence of which only those with the strongest 

wills could remam sheltered Biieher is opposed to the supposition 
that such a will can be xiracticed as a power only by a nibng cast, 
by a stronger stock, which dominates over the weakei and presses 
them into its service It may be that more extensive data must be 
coilectofl as a foundation for this assertion. The probabilities even 
to-diiy. however, pomt toward the truth of the two-clii-i iteori as 
up])ll lUg to the distant antiquity of the Old Stone Ago ''I'lus is eei- 
tanily tine, that the development of the tonal-art, la's long as music 
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consisted of rhytlim, deiived all its essential qualities, not from the 
conflict between shaman and layman, but that between lord and 
slave, between command and labor 

The history of the refrain shows us how this rude rhythm disappears 
more and more, and how music as melody constantly gains in extent 
and significance The oldest lefrani divides the woik songs measure 
by measure with the jirecision of clodcwoik Their rhythm is as 
monotonous as that ol the drum, and they themselves are so com- 
pletely meio sound, and not melody, that Bucher designates them 
as mere annual cries— the groans of laboi become, as it weie, tone 
In the strange conflict between the little interspersed particles of 
melody and the recurrmg dull ihythm of the refiani ethnologists are 
able to lead many things. The fiee style of the loader is an expres- 
sion of the dominatmg and compellmg caste, which is more matiu’e 
as regards development The rigid regularity of the lefraiii, how- 
ever, forced upon the choms, is the whip-rhythm of Livnigstone It 
is that hypnotic music winch was taken fiom the shaman by the secular 
power, and by this the secular power held the masses m bondage 
We have seen how the begimungs of music as an ai’t lay enthralled, 
and have sought the outlet which led from this condition of cap- 
tivity to gi eater freedom No savage people, so long as they remain 
uninfluenced, can rise above a certain grade of horizontal, two- 
dimension music It IS Europe, and the dominatmg laces of the 
north of Europe, that have rendered this decisive service This 
possibility arose from the pm-ei , more intellectual atmosphere, which 
developed the gloomy death cult of eaiher times into the freedom of 
the sun cult From the cave cult of the south and of the less 
developed races has come the high cult of the north The thought 
and feeling of the northern races was jomod to a freer and broader 
cosmogony, and to tlus greater ficedom wo owe the beginnings of 
our European music 
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Tlio plan of the Umd Fravi expedition was twofold Fust, the 
ftfctamment ol the South Poll', and, second, the exploiation of the 
north polar regions This eveiimg T have the hoiioi to ropoit to you 
on the accomphshiuent of the first part of tins plan 
I can only briefly mention hero the expeditions which have worked 
in the logion which we had selected for our startmg point As wo 
wished to reach the South Pole, our fiist pioblem was to go south as 
far as possible with our ship and there establish our station Even 
so, the sled jouineys would be long enough I knew that the Enghsh 
expedition would again choose then old winter quartern in McMindo 
Sound, South Victoria Land, as their startmg point From news- 
paper report it was laio\vn that the Japanese had selected King 
Edward VII Ijand In order to avoid these two expeditions we had 
to establish our station on the Great Ice Barrier as far as possible 
from the staiting points of the two other expeditions 

The Great Tee Barriei, also called the Boss Barriei, lies between 
South Victoiia Laud and Ehng Edwaid VIT Land sind has an extent 
of about 615 miles ^ The fiist to leach this migbty ice formation 
was Sir James Claik Ross in 1841 He did not daie appioach llie 
gieat ice wall, 100 feet high, with lus two sailing ships, the Frehus 
and the Tenor, whoso progress southward was impeded by this 
mighty obstacle He exainmed the ice wall from a distance, how- 
ever, as far as possible His ohseivations showed that the Barrier is 
not a continuous, abmpt ice wall, but is interrupted bv bays and 
sniall channels On Ross’s map a bay of consideiable magnitude 
may be seen 

The next exjiedition was that of the Southern Oroas m 1900 If. 
is interesting to note that this party found the bay mentioned above 
at the same place where Ross had seen it m 1841, nearly 60 yeai's 
before, that this expedition also was able to land a few miles to the 

1 LeoUire doUvared in Gsmian by Iloald Amumison before no Be i , r. ^ . 
1912 Translated and reprinted from tho Zoltsohr dor Oesell fdr 1 

■'Sl-'fP U, I K™ 'r'- ' li- ’■•'"mission from BuUsUn of the Americ ■ * 

’] \oi 'idJ Ol ’i , pp 822-K38 

> I > ' l.iolji II I ii'us 'i from tbsmatrloayatera to Engtlslreanlvatents. 
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east of the large bav iii a small bay, named Balloon Bight, and from 
there to ascend the Ice Banier, which heietofore had been considered' 
an insurmountable obstacle to furthei advance toward the south 

In 1901 the Discovery steamed along the Earner and confirmed in 
every icspect what the Soniliern Cross had observed Land was also 
diacoveiod in the dnection indicated by Ross, namely. King Edward 
VII Land Scott, too, landed in Balloon Bight, and, like his prede- 
cessors, saw the largo bay to tho west 

In 1908 Shacldeton ai'iTvocI there on the Nimrod He, too, fol- 
lowed along the edge of the Ice Barriei He came to the conclusion 
that chstiirbances had taken place in the Ice Btuiier The shore line 
of Balloon Bight, he thought, had changed and merged with the large 
bay to the west This laige bay, which he thought to he of recent 
origin, he named Bay of VHiales He gave ipi his original plan of 
landing theie, as the loo Bainei appeared to Imn too dangerous for 
the establisliment of wmtei quaiteis 

It was not difficult to deteimiue that the hay shown on Rosa’s 
map and the so-called Bny of Whales are identical, it was only 
necessaiy to compaie the two maps Except foi a few jneces that 
had bioken olf fiom the Bamei, the bay had remained the same for 
the last 70 yeais It was therefoie possible to assume that the 
bay did not owe its oiigin to chance and that it must be undeilaiu 
by land, either in the form of sand banka oi otherwise. 

Tins bay we decided upon as oui base of operations It lies 400 
miles from the English station in McMurdo Sound and 115 miles 
from Kmg Edward VII Laud We could therefoie assume that we 
should be far enough from the Enghsh apheio of mterest and need 
not fear crossing the route of the English expedition The reports 
concerning the Japanese station on Kmg Edward VII Land were 
indefinite We took it for granted, however, that a distance of 116 
mdes would suffice. 

On August 9, 1910, we loft Norwav on the Fram, the ship that had 
oiiginaUf been built foi Nansen We had 97 superb Eskimo dogs 
and piovisions for two years, The first harbor we reached was 
Madeiia Theie the last preparations were made for our voyage 
to the Ross Bairier — truly not an insignificant distance which we 
had to cover, namely, 16,000 nautical miles from Noiway to the 
Bay of Whales. We had estimated that this trip would require 
five months The From, which has justly been called the stanchest 
polar ship in the world, on this voyage acioss practically aU of the 
oceans proved heiself to be extremely seawoithy Thus we traversed 
without a smgle mishap the regions of the northeast and of the 
southeast trades, the stormy seas of the ‘Hoamig forties,” the fogs 
of the fifties, the ice-filled sixties, and leached our field of work at 
the Ice Bamer on J anuary 1 4, 1911 Everything had gbne splendidly. 
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The ice in the Bay of Whales had just broken up, and wo were able 
t'o advance considerably farther south than any of our predecessors 
had done. We found a quiet little nook behind a projectuig ice 
cape, from here we could transfei our equipment to the Barrier with 
comparative safety Another gieat advantage was that the Barnei 
at this place descended veiy gi adually to the sea ice, so that we had 
the best possible suiface foi our sleds Oui first undertaking was 
to ascend the Bairier in order to get a general survey and to deter- 
mine a suitable place foi the election of the house which we had 
brought With us The supposition that tins part ol the Bainer rests 
on land seemed to be confiimed immediately by our surroundings. 
Instead of the smooth, fiat suiface which the outer wall of the Ear- 
ner presents, we here found the surface to be very uneven We 
everywhere saw sharp hills and points between which there were 
pressure ciacks and depiessions filled with laige masses of drift 
These featuies weio not of recent date On the contraiv, it was 
easy to see that they were very old and that they must have had 
their origin at a tmio which long preceded the period of Boss’s visit. 

Originally we had planned to establish our station several miles 
from the edge of the Barrier, in order not to subject ourselves to the 
danger of an unwelcome and involuntary sea trip, which might have 
occurred had the part of the Bamei on which we elected our bouse 
broken off This precaution, however, was not necessary, as the 
features which we obseiwed on our first exammatioii of the area 
offered a sufficient guarantee for the stability of the Barnei at this 
point 

In a small valley, hardly 2^ mdes from the ship’s anchorage, we 
therefore selected a place for our wmtei quarters It was protected 
from the wand on all sides On the next day we began imloadmg the 
ship. We had brought with us matenal for house buddmg as weU as 
equipment and provisions for nme men fo r sevei al years W e divided 
into two groups — the ship’s group and the land gi’oup The fii'st was 
composed of the commander of the ship, Capt. Nilsen, and the nine 
men who were to stay on board to take the Fram out of the ice and 
to Buenos Aires The other group consisted of the men who were 
to occupy the winter quarters and march on to the south The ship’s 
group had to unload everytlimg from the ship upon the ice There 
the land group took charge of the cargo and brought it to the buildmg 
site At first we were ratber unaccustomed to work, as we bad had 
little exercise on the long sea vovage. But before long we were all 
“broken in,’' and then the transfer to the site of our home “Fram- 
heim” went on rapidly, the house grew daily. 

When all the material had been landed our skilled carpenters, Olav 
Bjaaland and Jorgen Stubberud, began buildmg the house. It was 
a ready-made house which we had brought with us; nothing had to 
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be done but to put together the various numbered parts In order 
that the house might brave all storms, its bottom rested m an exca- 
vation. 4 teet beneath the surface On January 28, 14 days after our 
arrival, the house was completed, and all provisions had been landed 
A gigantic task had been perlorraed, everything seemed to point 
towaid a propitious future. But no tune was to be lost, we had to 
make use of eveiy minute 

The land , group had m the meantuiio been divided into two parties, 
one of wluch saw to it that the provisions and equipment stdl laclong 
were taken out of the ship. The other paity was to prepare for an 
excursion toward the south which had in view the exploration ol the 
nnmediato environs and the estabhshment of a depot 

On February 10 the latter group marched south There weio 4 of 
U 3 with 18 dog.s and 3 sleds packed with provisions That morning 
of our stait is still vividly m my memoiy The weathei was cahn, 
the sky haidly oveicast Before us lay the large, unlunited snow 
plain, behmd us the Bay of Whales with its projecting ice capes and 
at its entiance oui dear ship, the Fram On board the flag was 
hoisted, it was the last greetmg fiom our comtades of the ship. No 
one knew whether and when we should see each other again In all 
pi ob ability oui comrades would no longer be tlieie when we leturned, 
a year would probably elapse befoie we could meet again One 
more glance backward, one more partmg greetmg and then — 
forward 

Our first advance on the Barrier was full of excitement and sus- 
pense. So many questions presented themselves. What will be the 
nature of the region we have to cross? How will the sleds behave? 
Will oui equipment meet the lequiiements of the situation Have 
we the proper hauhug power? If we were to accomphsh our object, 
everything had to be of the best Our equipment was substantially 
different from that of our English competitois We placed our 
whole trust on Esltimo dogs and skis, while the Enghsh, os a result 
of then own cxpeiience, had abandoned dogs as well as sins, but, on 
the other hand, were well equipped with motor sleds and ponies 

We advanced rapidly on the smooth, white snow plain. On 
February 14 we reached 80° S We had thus covered 99 miles We 
established a depot here mamlyof 1,300 pounds of provisions, wlpich 
we intended to use on our mam advance to the south m the spring. 
The return journey occupied two days, on the first we covered 40 
miles and on the second 57 miles When we reached our station 
the Fram had already left. The bay was lonely and deseyted; only 
seals and pengums were m possession of the place 

Tins first excursion to the south, although brief, was of great 
importance to us. We now Icnew definitely that oiw equipment nnd 
OUT pulling power were eminently suited to the demands cpuii tl'cm. 
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Jn their selection no mistake had been made. It was nuw for us to 
make use of eveiything to the best advantage 

Our sojourn at the station was onlv a short one On Febiuaiy 22 
we were ready agam to cany supplies to a more southern depot We 
intended to push this depot as far south as possible On this occasion 
our expedition consisted of S men, 7 sleds, and 42 clogs Only the 
cook remained at “Franiheim " 

On February 27 we passed the dc]iot vliich we had established at 
80° S , we found everythmg in the best of order On Maich 4 we 
reached tho eighty-first parallel and deposited there 1,150 pounds of 
provisions Three men leturnod from here to the station, while tho 
five others contmued towaid the south and reached tho eightv-seconcl 
parallel on Maich S, depositing there 1,375 pounds of provisions. 
We then returned, and on March 22 were again at home Befoie 
the wmier began we made another excursion to the depot in 80° S , 
and added to oui supplies there 2,400 pounds of fresh salt meat and 
440 pounds of othei provisions On April 11 we returned from 
this excursion, this ended aU of our woik connected with tho estab- 
lishment of depots. Up to that date we had earned out 6,700 pounds 
of provisions and had distributed these in throe repositories 

The part of the Barrier over which we had gone heretofore has an 
average height of 165 feet and looked lilce a flat plain which continued 
with slight undulations ivithout any marked features that could have 
served for orientation It has heretofore been the opinion that on 
such an endless plain no provisions can be cached without risking 
them loss If we were, however, to have the slightest chance of 
reachmg our goal we had to establish depots, and that to as gieat an 
extent as possible This question was discussed among us, and we 
decided to estabbsh signs across our route, and not along it, as has 
been generally done heretofoie We therefore set up a row of signs 
at right angles to onr route— that is, m an east-west direction from our 
depots. Tivo of these signs were placed on opposite sides of each of 
the three depots, at a distance of 5 6 miles (9 lalometem) from them; 
and between the signs and the depot two flags were erected for every 
kilometer. In addition, all flags were marked so that we might know' 
the dmection and distance of the depot to which they referred This 
provision proved entirely trustworthy, we were able to find our 
depots even m dense fog. Our compasses and pedometers were 
tested at the station, we knew that we could rely upon them. 

By our excursions to the depots we had gamed a great deal. We 
had not only carried a large amount of provisions toward the south, 
bht we had also gamed valuable experience. That was worth more 
and was to be of vrdue to us on our final advance to the pole, ' ' 

'I he lovo"! Temperature we had observed on these depot excursions 
was -^60° C, The fact that it was still summer when we reebrded 
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this temperature warned us to see that our equipment was in good 
condition We also realized that our heavy sleds were too unwieldly 
and that they could easily be made much lighter This criticism was 
equally applicable to the greater part of our equipment 

Several days before the disappearance of the sun were devoted to 
hunthig seal The total weight of the seals killed amounted to 
132,000 pounds We therefoie had ample provisions for ourselves 
as well as for our 115 dogs 

Our next problem was to supply a protective roof for our dogs. 
We had brought mth us 10 large tents, m which 16 men could easily 
find room They were set up on the Ice Bairier, the snow was then 
dug qut to a depth of 6^ feet mside the tents, so that each dog hut 
was nearly 20 feet high The diameter of a dog hut on the groimd 
was 16 feet We made these huts spacious so that they might be as 
airy as possible and thus avert the frost which is so mjurious to dogs. 
Our purpose was entirely attamed, for oven m the severest weather 
no dogs were frozen The tents were always warm and comfortable. 
Twelve dogs were housed ui each, and eveiy man had to take care of 
his own pack 

After we had seen to the wants of the dogs we could then thmk of 
ourselves As early as April the house was entirety covcied by snow. 
In this newly drifted snow passageways were dug connectmg directly 
with the dog huts Ample room was thus at our disposal without 
the need on our part of furmshmg buildmg material We had work- 
shops, a blacksmith shop, a room for seirag, one for packing, a stor- 
age room for coal, wood, and oil, a room for legular baths, and one 
for steam baths. The wmter might be as cold and stormy as it 
would, it could do us no harm. 

On Apiil 21 the sun disappeared and the longest night began which, 
had ever been experienced by man in the Antarctic We did not 
need to fear the long night for we ucie well equipped with provisions 
for years and had a comfortable, well-ventilated, well-situated and 
protected house In addition, we had our splendid bathroom ivhere 
we could take a bath every week It leally was a veritable Sanato- 
rium 

After these arrangements had been completed we began Jirepara- 
tions for the mam advance m the followmg sprmg. We had to 
improve our equipment and make it lighter We discarded all oUr 
sleds, for they were too heav}’- and unwieldly for the smooth surface 
of the Ice Barrier. Our sleds weighed 165 pounds each Bjaaland, 
our ski and sled maker, took the sleds m hand, and when spring ar- 
rived he had entirety made over our sledge equipment. These sleds 
weighed only oiie-thn-d as much as the old ones In the same way it 
was possible to reduce the weight of all other items of our equipment. 
Packing the provisions for the sledge journey was of the greatest 
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importance Gapt. Johansen attended to this woik during the mu- 
ter Each of the 42,000 loaTes of hard biead had to be handled 
separately before it could be assigned to its pioper place In this way 
the winter passed c[uicldy and agreeably All of us were occupied 
aU the tune Our house was warm, dry, light, and any, and we all 
enjoyed the best of health We had no physician and needed none. 

Meteorological observations were taken continuously. The lesults 
were surprising Wo had thought that we should have disagreeable, 
stormy weather, but this was not the case During the whole year 
of our aojouin at the .station we espenenced only two moderate 
stoi’ms. The lest of the time hght bi’cezes pievuilod, mainly from an 
easterly dmection Atmospheric pressure was as a i ule very low, but 
remained constant The temperature sanlc consideiablj^, and I deem 
it probable that the mean annual tempeiature winch we recorded^ 

— 26° C , IS the lowest mean temperature which has evei been 
ohsei'ved ‘During five months of the year we recorded lempeiatures 
below —50° C On August 23 the lowest temperatuie was recorded, 

— 59° The aurora australis, coiresjiondiiig to the northern hghts of 
the Ai'clic, was obseived fiequently and ui all <hiections and forms. 
This phenomenon changed voiy rapidly, hut, except in certain cases, 
was not very intensive 

On August 24 the sun leappeared The winter had ended Sey- 
oral days eailier we had put everything in the best of order, and when 
the sun rose over the Barrier we were loady to statt The dogs 
were in fine condition 

From now on we observed the temperature daily with great mter- 
est, for as long as the mercury remained below — 50° a start was 
not to be thought of In the first days of September all signs indi- 
cated that the mercuiy would rise We therefore resolved to start 
as soon as possible On September 8 the temperature was —SO”. 
We started immechately, but tins march was to be short. On the 
next day the tempeiature began to sink rapidly, and several days later 
the thermometer registered —55° C. We human beings could 
probably have kept on the march for some time under such a tem- 
perature, for we were protected against the cold our clothing, 
but the dogs could not have long withstood this degree of cold We 
were therefore glad when we leached the eightieth paiaUel. Ws 
deposited there out provisions and equipment m the depot which we 
had previously erected and returned to "Framheim,” 

The tveather now became very changeable for a time-— the transi- 
tional period from winter to summer; we never knew what weathej 
the next day would bring Frostbites from our last march forced ip 
te wait until we definitely knew that spring had really come. On 
September 24 we saw at last positive evidence that spring had amvecl J 
the seals began to clamber up on the ice. This sign was hailed tfith 



708 ANNUAL HEPOBI BMITHSONIAN INHTIXUTIOJST, 1912. 

rejoicing ~uo() o, whifc less the seal meat which Bjaalaiid biought on 
the same day, The dogSj too, enjoyed the arrival of spring They 
were ravenous for fresh seal meat On vSeptember 29 another unrefut- 
able sign of spiiiig appeared in the arrival of a flock of Antarctic 
petrols T^liey flew around our house inquisitively to the joy of all, 
not only of oni solves, but also of the clogs The latter were vnld 
with joy and excitement, and ran after the birds in hopes of getting 
a delicate morsel Foohsh dogs! Their cliase ended with a wild 
fight among themselves 

On October 20 the woathor had at last become so stable that we 
could start. We had, moanwliile, changed oui original plan, which 
was th at we sho uld all advance southwai d together. We roahzed that 
we could travel "with perfect safety in two groups and thus accom- 
plish much more. We airanged that thi-ee men should go to the east 
to explore King Edwaid VII Land, the remaining five men were to 
cairy out the main plan, the advance on the South Pole. 

October 20 was a beautiful day Clear, mild weather prevailed 
The temperature was 1° C. above zero. Our sleds weio light, and we 
could advance lapidly Wo did not need to hurry our dogs for they 
were eager enough themselves Wo numbered 5 men and 52 dogs with 
4 sleds. Together with the piovisions which we had left in the tirree 
depots at the eightieth, the eighty-first, and the eighty-socund parallels, 
we had sufficient sustenance for 120 days 

Two days after our departure we nearly met with a serious acci- 
dent, Bjaaland’s sled feU into one of the numerous crevasses At 
the critical moment we were fortunately able to come to Bjaaland’s 
aidj had we been a moment later the sled with its 13 dogs would have 
disappeared in the seemingly bottomless pit. 

On the fourth day we reached our depot at 80° S. We remamed 
there two days and gave our dogs as much seal meat as they would 
eat 

Between the eightieth and the eighty-first parallel the Barrier ice 
along our route was even, with the exception of a few low Undula- 
tions; dangerous hidden places weie not to be fouml. The region 
between the eighty-first and the eighty-second parallel was of a 
totally different character During the first 19 miles we were' in a 
' veritable labjT’inth of crevasses, very dangerous to cross. At many 
places yawning abysses were visible because large jaoce . (>f Ibc .si.rfaco 
jiad bioken off, the surface theiefore piesented a veri lui'-'ji'o ap;joar- 
ance. We crossed this region four times m aU. On the three first 
limes such a dense fog prevailed that we could only Tccognze objei t^ 
a few feet away Only on the fourth occasion did we have dear 
weather Then we were able to see the great difficuli'cs io v.hich we 
had been exposed. 
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On November 5 ^V6 reached the depot at the oighty-second parallel 
' and found everything in order For the last time our dogs vere able 
to have a good rest and eat then* fill; and they did so thoroughly 
during theiz' two days’ lest 

Beginning at the eightieth parallel we constructed snow cairns 
which should serve as signposts on our return In all we erected 
160 such signposts, each of which requu-ed 60 snow blocks Aboul, 
9,000 snow blocks had therefore to be cut out for this purpose Those 
cairns did not disappoint us, for they enabled us to return by exactly 
the same route wo had previously followed 
South of the eighty-second parallel the Barrier was, if possible, 
still more even than farther north, we therefore advanced quite 
rapidly At every iimt parallel which we crossed on our advance 
towaid the south we established a depot. We thereby doubtlessly 
exposed ourselves to a cortam risk, for there was no time to set up 
sign posts around the depots We therefore had to rely on snow 
camns. On the other hand, our sleds became lighter, so that it was 
never hard foi the dogs to pull them 
When we reached the eighty-third parallel we saw land in a 
southwesterly direction. This could only be South Victoria Land) 
probably a contmuation of the mountain range which runs in a 
southeasterly direction and which is shown on Shackelton’s map. 
From now on the landscape changed more and more from day to 
day; one mountam after another loomed up, one always higher than 
the other, Their average elevation was 10,000 to 16,000 feet Then' 
crest line was always sharp, the peaks were like needles. I have 
never seen a more beautiful, wild, and imposing landscape Here a 
' peak would appear with somber and cold outlines, its head buried in 
the clouds, there one could see snow fields and glaciers thrown 
together in hopeless confusion. On November 11 we saw land to the 
south and could soon determme that a mountain range, whose position 
is about 86° S. and 163° W., crosses South Victoria Land m an east- 
erly and northeasterly direction. This mountam range is materiall}'- 
lower than the mighty mountains of the rest of South Victona Land- 
Peaks of an elevation of 1,800 to 4,000 feet were the highest. We 
could see this mountain cham as far as the eighty-fourth parallel, 
where it disappeared below the horizon. 

On November 17 we reached the place where the Ice Banier ends 
and the land begins. We had proceeded directly south from oiu 
winter quai tors to this pomt We were now in S5° 7' S and 165° _1V 
The place wIkmu we left the Barrier for the land offered no special 
difficulties. A few extended undulating reaches of ice had to he 
crossed which were interrupted by crevasses here and there Not^i- 
ing could impede our advance. It was our plan to go due south, from 
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“Framiloim” and not to deviate from this direction unless we should 
be forced to by obstacles which nature might place in our path If- 
our plans succeeded it would be our privilege to explore completely 
unknown regions and thereby to accomphsh valuable geographic 
work. 

The immediate ascent due south into the mountainous region led 
us between the high peaks of South Victoria Land. To all intents 
and purposes no great difficulties awaited us here To bo sure, we 
should probably have found a less steep ascent if we had gone over 
to the newly discovered mountain range just mentioned. But as we 
mamtained the prmciple that direct advance due south was the 
shoitest way to our goal, we had to bear the consequences. 

At this place we established our principal depot and left provi- 
sions for 30 days On our foui sleds we took provisions with us for 
60 days. And now we began the ascent to the plateau. The first 
part of the way led us over snow-covered mountam slopes, which 
at times were quite steep, but not so much so as to prevent any 
of us from hauling up his ovra sled Farther up, we found several 
glaciers which were not very broad but were very steep Indeed, 
they were so steep that we had to harness 20 dogs m front of each 
sled. Later the glaciers became more frequent, and they lay on 
slopes so steep that it was very hard to ascend them on our slas On. 
the first night we camped at a spot which lay 2,100 feet above sea 
level On the second day we continued to climb up the mountains, 
mainly over several small glaciers Our next camp for the night was 
at an altitude of 4,100 feet above the sea 

On the third day we made the disagreeable discovery that we 
should have to descend 2,100 feet, as between us and the higher 
mountains to the south lay a great glacier which crossed our path 
from east to we, st. This could notbehelped The expedition therefore 
descended with the greatest possible speed and m an incredibly short 
time we were down on the glacier, which was named Axel Heibeig 
Glacier. Our camp of this mght lay at about 3,100 feet above sea 
level. On the following day the longest ascent began, we were forced 
to follow Axel Heiberg Glacier. At several places ice blocks were 
heaped up so that its surface was hummocky and cleft by crevasses. 
Wchad therefore to make detours to avoid the wide crevasses which, 
below, expanded into large basms. These latter, to be sure, were 
filled with snow; the glacier had evidently long ago ceased to move. 
The greatest care was necessary m our advance, for we had no ink'- 
hng os to how thick or how thin the cover of snow might be. Our 
camp for this mght was pitched in an extremely picturesque situa- 
tion at an elevation of about 6,250 feet above sea level The glacier 
was hero horruned m by two mountains which were named “Fridtjof 
h'ansOD’ and “Don Pedro Christophersen,” both 16,000 feet high 
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Farther down toward the west at the end of the glacier “Ole 
"Eugelstad Mountain” rises to an eleyation of about 13,000 feet. At 
this relatively narrow place the glacier was very hummock)'' and rent 
by many deep crevasses, so that we often feared that we could not 
advance farther On the following day w'o reached a slightly inclined 
plateau which we assumed to be the same which Shacldctnn de- 
scribes. Our dogs accomplished a feat on this day which is so 
remarkable that it should be mentioned heie After hai'ing already 
done heavy work on the procedmg days, they covered 19 miles 
on this day and overcame a difference m altitude of 5,700 feet, On 
the following mght we camped at a place which lay 10,800 feet above 
sea level The time had now come when wo weie forced to kill 
some of our dogs Twenty-four of onr faithful comrades had to die. 
The place where this happened was named the “Slaughterhouse” 
On account of bad weather we had to stay here for four days. Dur- 
ing this stay both we and the dogs had nothing except dog meat to 
eat When wm could at last start again on November 26, the meat of 
10 dogs only remained This we deposited at our camp; fresh meat 
would furnish a welcome change on our return Durmg the follow- 
ing days we had stormy weather and thick snow flurries, so that we 
could see nothing of the surrounding country We observed, how- 
ever, that we were descending rapidly For a moment, when the 
weather improved for a short tune, we saw high moimtams directly 
to the east Durmg the heavy snow squall on November 28 we 
passed two peculiarly shaped mountams lying in a north-south 
direction, they were the only ones that we could see on our right hand 
These “Helland-Hansen Mountams” were entirel)'- covered by snow 
and had an altitude of 9,200 feet Later they served as an excellent 
landmark for us 

On the next day the clouds pai'ted and the sun burst forth It 
seemed to us as if we had been transferred to a totally new countiy. 
In the direction of our advance rose a large glacier, and to the east 
of it lay a mountain range running from southeast to northwesti 
Toward the west impenetrable fog lay over tho glacier and obscured 
even our immediate surroxmdings A measui'emeiit by hypsometer 
gave 8,200 feet for the point lying at tho foot of this, the “Devil’s 
Glacier,” We had therefore descended 2,600 feet since lea-ving the 
“Slaughterhouse ” Tills was not an agi-eeable discovery as we 
no doubt would have to ascend as much again, if not more. Wb 
left provisions here for six days and contmued our march 

From the camp of that mght we had a superb view of the eastern 
mountam range, Belongmg to it we saw a mountain of more won- 
derful form than I have ever seen before The altitude of the nioun- 
tain was 12,300 feet, its peaks roundabout were covered by a glacier. 
It looked as if Nature, in a fit of anger, had (iiopp( d sha'p coriicrt'd 
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ice blocks on the raotmtain. This mountaia was cbriatened ‘ ‘ Helmer- 
Hansen Moimtam/’ and became our best point of reference Tberef 
we saw also the “Oscar Wistmg Mountams/’ the “Olav Bjaaland 
Mountains,” tbe “Sverre Hassel Mountams,” wbicb, dark and red, 
glittered in the rays of the midmght sun and leflected a white and 
blue light In the distance the mountains seen before loomed up 
romantically, they looked very high when one saw them through the 
thick clouds and masses of fog which passed over them from time 
to tune and occasionally allowed us to catch ghmpses of their imghty 
peaks and their broken glaciers For the first time wo saw the 
“Thorvald Nilsen Mountain,” which has a height of 16,400 feet. 

It took us three days to clmih the “Devil’s Glacier ” On the 1st 
of December we had left behuid us this glacier with its crevasses and 
bottomless pits and iveie now at an elevation of 9,350 feet above sea 
level In front of us lay an inclined block-coveied ice plateau which, 
m the fog and snow, had the appearance of a frozen lake Traveling 
■over this “Devil’s Ball Room,” as we called the plateau, was not 
particularly pleasant Southeasterly storms and snow flumes oc- 
curred daily, durmg which we could see absolutely nothing. The 
floor on which we were walking was hollow beneath ns, it sounded 
as if we were gomg over empty barrels. We crossed this disagree- 
able and uncanny region as quickly as was compatible with the great 
care we had to exercise, for durmg the whole time wo were thinking 
of the unwelcome possibflity of sinking tlirongh. 

On December 6 we reached our highest point — accordmg to hypso- 
metric measurement 11,024 feet above sea level. From there on the 
mterior plateau remained entirely level and of the same elevation. 
In 88“ 23' S. we had reached the place which corresponded to Shack- 
leton’s southernmost advance. We camped m 88° 25' S and estab- 
lished there om* last — the tenth — depot, in which we left 220 pounds 
of provisions Our way now gradually led downward The sur- 
face was m excellent condition, entii’ely level, without a single hill 
or undulation or other obstacle. Our sleds forged ahead to per- 
fection; the weather was beautiful, we daily covered 17 miles Noth- 
ing prevented us from mcreasmg our daily distance. But we had 
time enough and ample provisions , wo thought it wiser, also, to sp^e 
om' dogs and not to work them harder than nocoasary. Without a 
mishap we reached the cighty-nmth parallel on December 11. It 
deemed as if we had come into a region where good weather cou- 
stantly prevails. The surest sign of contmued calm weather was tl^e 
absolutely level surface. We could push a tent pole 7 feet deep into 
the snow without meeting with any resistance. This prbved cleady 
enough that the snow had fallen in equable weather; cMm must have 
prevailed or a sHght breeze may have blown at the most, , Had the 
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weather been variable — calms alternating with storms — snow strata 
uf different density would have formed, a condition which we would 
immediately have noticed when drivmg m our tent poles. 

Our dead reckoning had heretofore always given tho same results 
as our astronomical observations. During the last eight days of our 
march we had continuous sunshme Every day we stopped at noon 
in order to measm’e the meridian altitude and every eveiung we 
made an observation for azunuth On December 13 the meridian 
altitude gave 89“ 37', dead reckoning, 89° 38' In latitude 88° 25' 
we had been able to make our last good observation of azimuth Sub- 
sequently this method of observation became valueless. As these 
last observations gave practically the same result and tho difference 
was almost a constant one, we used the observation made in 88° 25' 
as a basis. We calculated that we should reach our goal on Decem- 
ber 14. 

December 14 dawned It seemed to me as if we slept a shorter 
time, as if we ate breakfast in greater haste, and as if we started earlier 
on this morning than on the precedmg days. As heretofore, we had 
clear weather, beautiful sunshine, and only a very light breeze We 
advanced well. Not much was said I think that each one of ns 
was occupied with his own thoughts. Probably oiJy one thought 
dominated us all, a thought which caused us to look eagerly toward 
the south and to scan the horizon of this unlimited plateau Were 
we the first or ? 

The distance calculated was covered Oui' goal had been reached. 
Quietly, in absolute silence, tho mighty plateau lay stretched out 
before us. No man had ever yet seen it, no man had ever yet stood 
on it. In no direction was a sign to be seen It was indeed a solemn 
moment when, each of us graspmg the flagpole with one hand, we 
all hoisted the flag of our coimtry on the geographical South Pole, on 
“King Eaakon VII Plateau ” 

Durmg the night, as our watches showed it to be, three of our 
men went around the camp in a circle 10 geographical miles (11.6 
statute miles) m diameter and erected cairns, while the other twd 
men remained in the tent and made hourly astronomical observa- 
tions of the sun. These gave 89° 65' S. We might well have beep- 
satisfied with this result, but we had time to spare and the weather 
was fine. Why should we not try to make our observations at the 
pole itself ? On December 16, therefore, we transported our tent the 
remaining 6f miles to the south and camped there. We arranged 
everything as comfortably as possible in order to make a round of 
observation? during the 24 hours. The altitude was measured every 
hour by four men with the sextant and artificial horizon. These 
observations will be worked out at the Univeraity of Cbristianie,, 



This tent camp served as the center of a circle which we drew 'vnth a 
radius of Sf miles [on the circumference of which] cairns were erected. ' 
A small tent which we had brought with us in order to designate 
the South Pole was put up here and the Norwegian flag with the 
pennant of the Fram was hoisted above it. This Norwegian home 
received the name of ‘ ‘Polheim ” According to the obseiwed weather 
conditions, this tent may remain there for a long time. In it we left 
a letter addressed to His Majesty, King Haakon VII, m which we 
reported what we had done. The next person to come there wiU 
take the letter -with him and see to its delivery. In addition, we 
left there several pieces of clothing, a sextant, an artificial horizon, 
and a hypsometer. 

On December 17 we were ready to return. On our journey to the 
pole we had covered 863 miles, according to the measurements of 
the odometer; our mean daily marches were therefore 15 miles. 
When we left the pole we had 3 sleds and 17 dogs. We now ex- 
perienced the great satisfaction of being able to increase our daily 
rations, a measui-e which pi’evious expeditions had not been able to 
carry out, as they were all foiced to reduce their rations, and that 
at an early date. For the dogs, too, the rations were increased, and 
from time to tune they received one of their comrades as additional 
food. The fresh meat revived the dogs and undoubtedly contributed 
to the good results of the expedition. 

One last glance, one last adieu, we sent hack to Polheim.’’ Then 
we resumed our journey. We still see the flag; it still waves to us. 
Gradually it dimuushes in size and finally entirely disappears from 
our sight, A last greeting to the Little Norway lying at the South 
Pole. 

We left King Haakon VII Plateau, which lay there bathed in 
sunshine, as we had found it on our outward journey. The mean 
temperatui’e durmg our sojourn there was —13° C. It seemed, 
however, as though the weather was much milder. 

I shall not tire my esteemed auditors a detailed description of 
our return, hut shall limit myseK to some of the interestiog episodes. 

The splendid weather with which we were favored on our return 
displayed to us the panorama of the mighty mountain range which 
is the continuation of the two ranges which unite in 86° S. , The 
newly tliscovored range runs in a southeasterly direction and culmi- 
nates in domes of an elevation of 10,000 to over 16,000 feet. In 
88° S. this range disappears in the distance below the horizon, yhe ■ 
whole complex of newly discovered mountam ranges, which may 
extend a distance of over 500 mhes, has been named the Queen 
Maud Kauges. 



We found all of our 10 provision depots again. The provisions, 
■■ of which, we finally had a superabundance, were taken with us to 
the eightieth parallel and cached there. From the eighty-sixth 
parallel on we did not need to apportion our rations; eveiyone 
could eat as much as he desired. 

After an absence of 99 days we reached our winter quarters, 
‘‘Framheim,” on January 25 We had, therefoie, covered the 
journey of 864 miles m 39 days, during which we did not allow 
ourselves any days of rest Our mean daily march, therefore, 
amounted to 22.1 miles At the end of our journey two of our sleds 
wore m good condition and 11 dogs healthy and happy Not once 
had we needed to help our dogs and to push the sleds ourselves. 

Our provisions consisted of pemmican, biscuits, desiccated milk, 
and chocolate. We therefore did not have very much variety, but it 
was healthful and robust nourishment which built up the body, and 
it was of course just this that we needed. The best proof of this 
was that we felt well during the whole time and never had reason to 
complam of our food, a condition which has oocuiTed so often on 
long sledge journeys and must be considered a sure indication of 
improper nourishment. 

Durmg our absence, Lieut Prestrud with his two companions had 
done excellent work toward the east and m the vicmity of the Bay 
of Whales They succeeded in reaching Kmg Edward VII Land, 
which Scott had discovered, and in confirmmg what wc had seen 
It was found that the Alexandra Mountams are a range entirely 
snow covered and with an elevation of 1,230 feet They run in a 
southeasterly direction as far as the eye can leach and are bounded 
on the north by mountams 2,000 feet high, which were named 
"Nutakar” by Scott 

The observations made on this expedition in the neighborhood of 
“ Fi amheim ’ ’ are of great interest. They results d m determmmg that 
the Bay of Whales has a snow-covered bottom. 

Simultaneously with our work on land, scientific observations 
were made on board the From by Capt Nilsen and his companions 
which probably stamp this expedition as the most valuable of all. 
The From made a voyage from Buenos Arres to the coast of Africa 
and back, covering a distance of 8,000 nautical miles, durmg which 
a scries of oceanographical observations was made at no less than 
60 stations The total length of the Pram’s journey equaled twice 
the circuumavigaLioii of the globe The From has successfully 
biTicetl (.langoroio voa ages which made high demands upon her cj^w, 
The trip out of the ice region in the fall of 1911 was of an especially 
serious character. Her whole complement then comprised only 10 
men Through night and fog, through storm and hurricane, through 



pack ice and between icebergs tbe Fram had to find her way. One 
may well say that this was an achievement that can be realized only 
by experienced and courageous sailors, a deed that honors the whole 
nation 

In conclusion, you will allow me to say that it was these same 
10 men who on February 15, 1911, hoisted the flag of their country, 
the ^lorwegian flag, on a more southerly point of the earth than the 
Clew of any other ship whose keel ever cleft the waves ^ This is a 
worthy recoid in our record century. Farthest north, farthest south 
did our dear old Fram penetrate 

1 Tlio Fram panotrated to the head of the Bay of Whales,, 7S° 41' S (New York Times, Mar 9, 1012 ) 
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OKIGIN OP THE NORTH ATLANTIC ICE 

The icebergs met with in the north Atlantic each year are almost 
entirely derived from western Greenland The mterior of Gieenland 
is coyered by a large ice sheet forming an enormous glacier, which 
gradually moves outward, meetmg on its Journey mountains and 
islands which form a fimge of vaiying width Tins mountainous 
belt is penetiated by deep fiords, through which the ice passes 
toward the sea As the huge ice sheets are forced into the sea they 
are broken off and set adrift as bergs The “calving,” as it is called, 
may take place in a number of ways 

Von Drygalski distmguishes three classes of bergs; those of the 
first class are the most massive of all, and separate with a sound hke 
thunder from the entire thickness of the glacier fiont. They result 
frona the buoyant action of the water as the glacier pushes out mto 
the deep water They usually regam their eqmhbrium af tei rhythmic 
oscillation, and float away in an upright position. Bergs of the 
second class are broken ofl’ under water from time to tune. They 
rise and often turn over before they gain oqnilibrinm, displaying in 
this way the beautiful blue color of the lowest layers of ice. Bergs 
of the third class form almost contmuously, and consist of large 
and small fragments which separate along the crevasses and fall into 
the sea 

The size of the pieces of ice set adrift varies very much; but bergs 
60 to 100 feet to the top of their walls, with spires and pinnacles 
from 200 to 250 feet high, are most often found. The length of 
such an average berg would be from 300 to 500 yards The depth 
of these masses under water is variously given as from seven to eight 
times the height, but this is not always the case. It is possible to 
have a berg as high out of the water as it is deep below the surface, 
'imoc the suhmorgcnoo depends entirely on mass and not on height. 
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It 13 possible to find bergs with a pinnacle rising high out of the 
water, but offering little weight to the mass below The highest 
berg in the Arctic which has been recorded had pinnacles 1,500 feet 
high Beiga are produced all the year round thioiighout the entire 
extent of the coast line of Greenland, but the huge masses which 
push out mto the open sea aiise eithei on the west coast between 
Disco Bay and Smith Sound, or on the east coast south of the parallel 
of 68° Besides the icebergs formed from the Greenland glaciers, a 
few come around Cape Farewell from the Spitzbergen Sea, and some 
may be traced from Hudson Bay 

MOVEMENT OP lOB PROM THE ARCTIC RECIONS 

The Labrador current flows southward along the coasts of Baffin 
Land and Labrador The average rate is fiom 10 to 36 miles per 
day, but occasionally it ceases altogether ‘ As soon as free the 
icebergs find their way into the Arctic current, and float gradually 
southward The journey is by no means an easy one, and few bergs 
survive Theie aie many mishaps, such as grounding in the Arctic 
Basm with ultimate breaking up, strandmg along the Labrador coast, 
wheie destruction takes place, and faUmg to pieces entirely in the 
open sea Only a small percentage ever reach the Grand Bank and 
the loutes of the transatlantic liners, so many delays attend their 
journey It is well known that many beigs seen in any one season 
may have been produced several seasons before Takmg the Labrador 
current as 10 miles per day, a berg once foimed and drifting fieely 
would make the journey southward m from four to five months 
The difference in time of two bergs reachmg a low latitude may cover 
a period of one or two years oven when these start on the same 
day, so devious are the paths into which chance may direct these 
floating masses Underemrents affect the largest icebergs, and 
frequently they aie seen to move backward against the wind and 
siuface water Extensive field ice offers an obstruction to the move- 
ments of the bergs, hence the number met with from one season 
to another must depend on the mildness or seventy of the previous 
summer m the north. 

THE labrador current 

No part of the oceans of the world is of so much interest to man- 
kind as this cold Arctic current It brings down the cold of the 
north to tempei the heat of the Tiopics, and thus tends to equalize 
the temperature of the w^oiid It is the home and feeding ground 
of the world's grentesf, supply of fish food, and 8 iq>port 3 mote marine 
life ilu'U Jiiiv Ollier pait of the world It conveys each year south- 
ward the greatest menace to the navigator m the form of huge ice- 
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bergs, and it influences tbe entire eastern coast of Canada In spite 
df all this there has been little study of this current Why, may we 
ask, have the Governments of the woild neglected to obtain scientific 
data, and why have they neglected to supply a thorough hydrographic 
survey of this region? I trust this state of affairs may be soon 
rectified 

DANGEE EKOM lOEBEEGS 

To the navigator tho presence of ice is a constant menace Its 
movement, often faiily rapid by wind and cuiient, makes its position 
always uncertain A ship may see immense fields of ice, which 
another passmg over the same locahty a few days afterward may 
never encounter Only those who have stood on the bridge of an 
Atlantic Imer with the officere on a dark night m the ice track can 
appreciate the anxiety of those tireless men, who know that collision 
with even a small floating ice mass means damage to the ship The 
small masses called growlers aie often of great danger They 
float low in the water, and leave little above to be seen by the look- 
out The Arctic ice is of great sohdity and is of irregular shape 
It presents frequently sharp edges which can cut the plates of a ship, 
shear off rivets, or drive a hole through the bottom as readily as a 
steel knife The game of chance is played by every big ship that 
speeds through the ice tiack at night or in a fog. 

FIELD lOE AND ITS DISTEIBDTION IN THE GtJLE OP ST. LAWEENCE 
DOTING THE WINTEE 

Icebergs are not alone m causing an obstruction to navigation m 
the Labrador current Field ice, which may extend over wide areas, 
presents great difficulties This ice is salt water frozen m the bays 
and inlets along the shore, as especially m the Gulf of St. Lawrence. 
Immense fields are formed of pieces blown by the wind and massed 
together in an irregular way Change of wind and tide causes the 
fields to float away When several fields are blown shoreward 
together they grmd and crush together, forming uTogulai’ ice many 
feet thick Frost and spray soon cements this together into a hard 
mass, almost impossible to break Floating again, these agglom- 
erated ice masses, often many miles in extent, are carried out to sea, 
there to produce great danger to navigation. Wliile the Gulf of St 
Lawrence never fiTezes over entirely, there are to be found all wmter 
floatmg areas, which take up their position with the direction of the 
wind. As the sprmg advances these fields become weaker, and 
finally disappear The last to open is the Strait of Belle Isle, where 
toward the end of June it becomes sufficiently free for ships to 
navigate. • ' ‘ ' 
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LIMITS OF EBGION OF lOEBEEGS 

• 

It has been found that in April, May, and June are the gi’eatest 
number of icebergs They have been seen as far south as the tlnrty- 
nmth degree of latitude and as far east as longitude 38° 30' In 
general, it may be stated that floating ice may be met with anywhere 
m the north Atlantic Ocean northward of the fortieth degree of 
latitude at any season of the yeai. 

SURFACE TEMPEEATURE OP THE LABEADOE CUEEENT IN WINTEE AND 

SUMMER 

Durmg the winter months the surface temperature of the Labrador 
current often falls to the freezmg pomt of salt water, about 28° F , 
but it IS more often at 29° oi 30° F As the spring advances the line 
of low temperature advances farther north, until m July or August 
the temperature on the Grand Banks toward the Strait of Belle Isle 
reaches 40° or 45° F , and gradually falls northward to 29° F m 
Hudson -Straits. The surface temperature varies considerably, 
dependmg on the proximity of ice or land, as will be explained 
shortly. No measurements have been made north of the Banks in 
wmter or sprmg, when the Strait of Belle Isle is icebouncl. Reports 
of the temperature of the ice track axe frequently given by sea cap- 
tains Results as low as 22° F. have been shown to me, but I beheve 
these to be impossible, and due to some error of measurement arising 
from the crude method now m vogue on our Atlantic hners. 

INFLUENCE OF lOBBEEGS ON THE TEMPEEATURE OP THE SEA. 

There can be no question but that icebergs have an important 
influence on the temperature of the sea Composed of frozen fresh 
water from the north, they melt rapidly when they drift down to the 
warmer waters of the Banlm and when they reach the Gulf Stream. 
On account of the small conductivity of the water, no appxeciable 
coolmg can result fiom this cause If it were not for the currents m 
tlie sea and the circulation set up by the melting berg, no coolmg efl’ect 
Would be appreciable That there is a small coolmg effect has been 
shown by captams and others, but tins has not been made use of for 
telhng the proximity of ice with any success. What is called salt- 
water ice — that is, ice formed by the freezing of salt water — contains 
a small trace of salt m its composition and frequently holds salt 
mechamcally, but there is very httle difference in the punty of the 
ice. It 13 well known that water in freezing expels all the impurities, 
, hence it is erroneous to say that salt-water ice floats under the 'Sur- 
face. What is called salt-water ice is really the same as field ice, and 
13 oxceerhngly hard to break Its structure ig not uniform, and, 
comjjorxtl oiien of irregular broken pieces, it has no line of cleavage. 
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petteesson’s theory of ioe melting. 

• 

_ Dr. Otto PetterssoH has for some time shown experimentally that 
ice meltmg m salt water produces tliree currents (lig 1) (i) When 

the ice melts it cools the salt water, which sinks down by convection. 
(2) A stream of warmer salt water moves in toward tho icc, giving 
rise to a hoiizontal current. (3) The melted ice consists of fiesh 
water, which does not nux with the salt water on account of the dif- 
ference of density This fresh water rises around the ice and spreads 
out over the surface. The ice becomes surrounded by a layer of 
resher water, which tends to remain on the surface. As the ice 



moves the fresh water moves with it Waves do not mix it with tlie 
salt water, but leave it practically unafiected. Pettersson believes 
that this circulation has an important influence on the currents m the 
sea. The lower density of a diluted layer prevents the normal ver- 
tical circulation in the sea, and causes characteristic temperature 
effects. 

Icebergs winch have been left high and dry on tho shore by the 
tide show the action of the melting. Bergs winch become top-heavy 
and turn over also bear evidence to the imderwater current producing' 
the melting The form of the ice shows a deep furrow rimniHg afi 
around where the meltmg process has proceeded, and this is often the 
cause of the rolling over of a berg to find equilibrium in some other 
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poBition,. Icebergs are oftea m au exceedingly unstable state, and 
the slightest increase in ■\vind or sea disturbance causes them to break 
up or turn over. This is one of the reasons why captains always go 
as far away from them as possible (See the Appendix ) 

SIGNS OF THE PEOXIMITY OF lOE 

Since the earliest days efforts have been made i-o find some means 
of detectmg the presence of ice To those who have had many years’ 
experience in navigating in the ice region the presence of ice is 
made known by a numbei of effects Before ice can be actually 
seen there is a peculiar whiteness observed around the berg on a dark 
night, except in the case of dark bergs This is called by mariners 
the ice ‘'blink ” It is caused by the reflection of the scattered rays 
of light from the sky fiom the white surface of the berg. Thus it 
is a contrast between tbe black absorbmg water, which leflects none 
of the light, and the ice, which scatters nearly all A dark berg is 
one casting a shadow toward the ship. When the light comes moie 
strongly from any particular part of the sky the iceberg often can not 
he seen in certain directions, while clearly visible by the ice hhnk in 
otheis This I believe to he the reason why the oflicers on the 
Titanic did not see the berg soon enough to stop It is stated that 
on a clear day on the horizon over the ice the slcy will be much paler 
or lighter in color, and may he distinguished from that overhead, 

Durbig foggy weather ice can sometimes he made out on account 
of its darker appearance. In this case it is a contrast effect again, 
but this time it is tbe shadow of the berg agamst the white shadow- 
less fog particles. 

Icebergs are sometimes detected by the echo fr-om the steam 
whistle or foghorn. They are also frequently heard foi many miles 
by the noise they make in breaking up and falling to pieces The 
craolong of the ice or the falling of the pieces into the sea causes a 
noise like thunder 

The absence of swell oi waves is sometimes a sign of ice or land, 
and the presence of flocks of birds far from land is an indication of 
ice. The temperature of the aii usually falls as ice is approached, 
and marinei’s describe a peculiar damp cold as distinguished from, 
the cold caused by a change of wmd I shall discuss the fall in 
temperature of the sea as ice is appo ached in what follows 

FAIUTIBE OF PREVIOUS EFFORTS TO MAKE USB OF TEMPBUATUBE 
CHANGES IN THE SEA 

. Navigators place no leliance on temperature moa'^uremeuts 
a matter of shipboard routine, the temperature of tbe v.tiei h i akei). 
but very little, if any, attention is taken of it. The method is to dip 
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a canvas bucket over tbe side and bring up a sample of sea water, 
the quartermaster then inserts a good household thermometer in the 
water, waits for a few minutes, and then lepoits the reading to 
the bridge The thermometer is usually giaduated in 2° inteivals, 
representing a length of stem about one-eighth of an inch. The 
interval of time between the dippmg of the water and the report of 
the readmg may be anything from 5 to 10 minutes In the mean- 
time the ship has sailed some miles beyond the point of observation. 
It is not surprising, in the hght of my results, that no value whatever 
can be attached to measurements of this kind As an example I can 
quote from a standard work on navigation, Capt. Lecky’s Wrinkles 
in Practical Navigation, fifteenth edition: 

Allied to fog IB the question of danger from ice It is a popular delusion among 
paaaengera on board ship that by taking the temperature of the sea surface at short 
intervals tlie approach to ice is unfailragly indicated Unfortunately such is by no 
means the fact, and reliance thereon invites disaster More than ordinarily cold 
ivatei merely shows that the ship is in a part of the ocean where ice may possibly 
be encountered, and not that it is actually present 
By kind permission, and on the unexceptional authority of Capts Ballantme, Dutton, 
and Smith, of the Allan Mail Steamship Line, all men of high standing m the profes- 
sion and well acquainted with ice navigation, it is here stated that no appreciable 
difference m the tempeiature of the sea surface is caused by the proximity of even the 
lai'gest icebergs, and when one consideis what a pom conductor of heat water is, their 
statement can he well believed ■* *■ » 

In a letter to the author, Lord Kelvin says “The conducting power of water is so 
small that there would be absolutely no cooling effect by conduction to a distance 
from an icebeig, but there might be a oonsidemhle effect by the cold and light fresh 
water running down from the iceberg, and spreadmg far and wide over the surface 
of the sea ” 

This seems a reasonable supposition, but it is more than likely that the fllm of cold 
hesh water would be broken up by the agitation of the wind and waves, and in any 
case disturbed and turned over by the plowlike action of a vessel’s bow going at speed 
Under these circumatances the hydrometei would be no better than the thermometer 
Again, it is well known that about the Banks the Labrador cuiTent is sometimes colder 
when no ice is to be seen than it iS when the contrary is the case In winter its surface 
temperature even falls to 28® F Large icebergs have been actually passed at a dis- 
tance of a quartei of a mile, and the sea-surface temperatme tested carefully without 
findmg a single degree of difference from what previously existed when there were none 
in sight 

It may be fairly assumed, therefore, that no reliance is to be placed upon the ther- 
mometer as an immediate or direct means of detecting the presence of ice, especially 
when It takes the toimi of stray bergs. In fog it will simply tell you when the ship 
has entered the cool current, which may, or may not, be ice bear mg. 

Dr, W. Bell Dawson, diiectoi’ of the Canadian liydrograpkic 
survey, has ulade a study of the temperature effect of an iceberg in 
the Strait of BeUe Isle In his report to the department of marine 
and fisheries, in 1907, he says: 

Icebergs in relation to water temperature.— On August 7, 1894, an unusually large 
iceberg was aground in 67 fathoms off Chateau Bay. An inatrunrental survey made 
m ti boat showed it to be 780 feet long, 280 feet wide, and 105 feet High The watoi 
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temperatures on different sides were 38°, 37°, and 37°, at distances ranging from 130 
to 1,320 feet from it On that day the water tempeiature, on a line from Chateau 
to Belle Isle, was 36i° off the mouth of the bay, S9° in the middle, and 41° off the 
south end of BelleHsle It was loweied leas than 2°, therefore, m the pioximity of 
the iceberg 

The next day, August 8, a small iceheig was aground m Chateau Bay. The water 
temperature in the middle of the bay was 34° and at the mouth 34i° The lowest 
temperature close to the iceberg was 33i°, which shows a difference of not moie than 
1° due to the iceberg 

In 1906 an iceberg about 140 feet long wae aground m 38 fathoms, about li miles 
from, Station P, where It remained for several days On June 19 it was examined in a 
boat The surface temperature m the strait at the time was 35^°, and close aiound 
the bei^ it was found to be the same, except on the west side, where the water tailing 
from it with the flood was 35° There waa thus only one-half degree diSerence of tem- 
perature to be found near it 

It is clear that up to the tune of the experiments with the micro- 
thermometer, in 1910, there was good evidence to show that the 
ordmary thermometer is useless to detect the small temperature 
effect of an iceberg Hence captains aie correct in their statement 
that the ship’s thermometei is useless as a means for locating an 
iceberg. 

THU RECORDING MIOEOTHERMOMETER 

The development of the recoidmg microthermometer has been 
the result of nearly 20 years’ experience m the study of minute 
temperature changes m the ice-bearmg water of the St Lawrence 
Kiver. By applying very sensitive electiical-resistance thermometers, 
it has been possible to show that the temperature of the St. Lawrence 
in winter never varies moie than a mmute fraction of a degree from 
the freezmg point. The small variations that have been observed 
and measured are the result of heat exchanges when ice is present, 
and they accompany the formation or the dismtcgration of the ice. 
The delicate poising of the forces of nature are here wonderfully 
illustrated. A few thousandths of a degree on either side of the 
freezing pomt of the river water produces immense physical effects. 
Thus the character of a river may be changed m a smgle night, or 
the wheels of the largest hydroelectric station completely stopped by 
a drop of a few thousandths of a degiee m the temperature of the 
water. As a result of this knowledge it is now possible to apply arti- 
ficial heat around the wheels and gates, and completely prevent any 
trouble from the sticking of the loe needles drawn in by the water. 

Lour years ago I undertook some experiments to study the ice- 
breaking operations on the St Lawrence, and to deter min e the effect 
of open water conditions on the temperature of the river During 
this time I turned my attention to a practical form of eleoti-ical- 
resistance thermometer, which could not only easily measure thou- 
sandths of a degi’ee but automatically lecord them on a chart when' 
workmg from the ice breakers gomg at full speed. Following out 
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ideas whicli I had developed along these lines, I devised an instru- 
ment which has prdvod so satisfactory and trustworthy that I have 
given it the name of the microthormometer 

The thermometer bulb (fig 2 ) consists of concentlic C 3 flmdeis of 
copper tube about 6 niches long and 4 inches m dinmetei. On 
the surface of tho mnei tube the coil of lesistance wire is ivound. 
The outer tube fits closely ovei this and the ends are soldered 
together. This makes a wmdmg which affords a laigc cooling 
surface and is exceedmgly sensitive to temperature changes The 
coil consists of 250 feet of large size iron ivno, sfilc covered, and has a 
resistance of approxnnately 125 ohms at 0° C I used non wire for 
two reasons, its cheapness and its remarkable steachness of zero 
foi ice tempeiatuie readings. The largei size wue enabled me to 
apply considerable batteiy power without appreciable cuirent heating. 
My experiments with platmum were most unsatisfactory Theie 



was gi-eat current heating and changes of zero which as yet I have 
not been able to explam The iron wire maintains an mvariable zero. 
When iron is heated over 50° C., however, its zero does change and 
can only be restored by coohng to a low temperatuie. It appears 
that there must be some internal molecular change in the iron 
above 60° C. which has not as yet been studied. 

The cbnneotmg wires from the bulb pass to a lead-covered cable 
of four strands, as in CaUendar’s compensating method, and then to 
the recorder, which may be a good Callendar recorder with the 
galvnnometer removed The galvanometer actually used consists 
of ,a jev.ihul-beaiiT'g D’Arsonval, of special design, of about 300 
ohms resistance. The bridge wire may be interchanged so as to 
produce different scales The one I have found useful is 8 inches 
long, and gives a range of 1° over its entire length I have used 
also one givmg half a degree, and the records are^ very nearly as 
perfect as with the 1° range Other wires giving 4° and 3° intervals 

' 8^360°— SM 1913 4T 
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are frequently useful. By my arrangement it is possible to switch 
from one wire to another very quickly. The 1° scale is essential in 
very cold water, but for warmer water the coarser scale is necessary. 

The thermometer may be connected so as to read the temperature 
directly, m which case the resistance of the bulb is compensated by a 
^ known resistance box. In this way the value of the resistance 
from previous calibration gives a measure of the temperature 
The thermometer bulb may also be connected chfferentially with a 
second equal bulb, and only differences in tempeiature recorded on 
the chart This method can be apphed to give the difference m 
temperature between the bow and the stern of a ship Thus a 
ship BO equipped could not possibly lun mto ice as long as the bow 
thermometer was equal to the stern thermometer 

In order to measure the temperature of the river or sea water 
the thermometer hulb can be traded by guy lOpes alongside, and 
the lead cable earned through heavy copper pipes up to the deck 
of the ship. From there the cable can be carried to the chart- 
house or other convement location The thermometer bulb may 
also he placed in a tank fed from the circulating water m the engme 
room. This method is desirable on a fast movmg ship or m regions 
where much floating ice is about 

It 'Will be seen that the rmcrothermometer is a refined eloctrical- 
resistahoe theimometer 

PKACTIOAL TESTS OP THE MIOROTHERMOMETEB 

Reahzmg the great menace to navigation in the presence of ice, 
I was' anxious to find whether refined measurements of the tempera- 
ture of the sea could be used to wain a sliip at mght oi m time 
of fog. 

As a preliminary test of the sensitiveness of the instrument, I 
had some experiments made m the St Lawrence River durmg the 
time of the ice-breakmg work The C G. S. Lady Grey, having 
cleared out the ice from the channel as far as Lake St. Peter from 
Quebec, was detailed to steam slowly up the river toward the 
unbroken ice sheet in the lake. The edge of the ice was sharp 
and weU defined, and extended out from the shore along the banks of 
the river. The current of the river flowed from under the ice in a 
slightly diagonal direction, so that, steaming in the open water, the 
current flowed in such a way as to pass under the edge of the shoie 
ic6._ The ship started 2 miles below the upper edge of the ice, and 
measurements of temperature were taken at inteivals up to the ice. 
^ Figure 3 shows the character of the temperature curve obtained, 
and illustrates how accurately the microthermometer registem even 
so small a teimperature change as one-tenth of a degiee per mfle. 
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In the lower part of the diagram a map is shown giving the edge 
•of the ice, the ship’s course, and the direction of the cm rent It 
wiU be seen that the temperature is everywhere a measure of the 
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to obtain measurements of the sea temperature in tbe vicinity of 
icebergs. In. July, 1910, tbe Canadian department of maime and' 
fisheries kindly granted me facilities for doing this on the ice-break- 
ing steamer Stanley, proceeding to Hudson Bay with a survey party. 
My assistant, Mr. L, V. Kmg, undertook the obsei-vations during this 
trip, and an account of the work was published m my report to the 
Government. 

' The thermometer was placed over the side of the ship, immersed 
to a depth of about 5 feet, and a record of temperature was made 
tluough the Str-ait of Belle Isle, along the Labi-ador coast, to Hudson 
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Bay. The recorder was placed in Mr. King’s cabm, where he could 
observe the effect of ice and land. Several icebergs were passed in 
the northern journey, at a distance of about half a mde, and these 
■wore recorded on the chart by a rapid faU of temperature of from 1° 
to 2° as the bergs were approached. It was found as the ship 
drew near a berg that a rise of temperature took place first, fol- 
lowed by a rapid faU On the microthermometer the effect was 
clearly shown, but would have been missed entirely on an ordinary 
thermometer I have called this peculiar nso and fall of temperature 
the ^Tceherg effect,” and i it seems to be characteristic and easily 
distinguished from the small oscillations of temperature found in Ppen 
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sea It was supposed tliat the iceberg effect was caused by the fresh 
'water observed b}'" Pettersson in his tank experiments diluting the 
sea water, and creating a blanket of lighter water in which the sun's 
heat is absorbed In the open sea the warming of the sea by the sun 
is offset by the vertical circulation, but m the fiesher and lightoi water 
this is impossible, and the warmer watoi remains on the suiface. 

niSTUEBINQ INPLUEKOE OP LAND ON THE TEMPEEATURB OP THE SEA 

One of the most interesting results of the Hudson Bay experiments 
was the effect of land on the temperatuie of the sea The coast 
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of Labrador appears to exert an influence in turning up the colder 
undercurrents of the Arctic stream. Thus, whenever the ship 
steamed m toward the coast hne the temperature was found to fall 
1° or 2°. The limit of the influence appears to be about 6 miles. It 
has been shown by Hr. Dawson that the shoals m the Bay of Fimdy ‘ 
influence the surface temperatures, and this is in accord with the 
present results Tailing this into consideration, it appeam that the 
rnici'olhormoinclcr may be of great service in telling the presence of 
land and shoals from a ship at sea Figuie 4 shows the effect of the 
, coast line of Labrador ip. lowering the surface temperature of the sea. 
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transatlantic experiments 

During iny trip across the Atlantic early m Alay of this year I 



obtained a continuous record of the temperature of the sea from 
- 1 Halifax to Bristol. Through the kindness of the Canadian? Northern 
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Steamsliip Co , I installed the microthermometer on the Royal George, 
'and for 3,000 miles the mstrument faithfully recorded the temperature 



variations in the sea In these experunents the bulb of, the ther^ 
mometer was placed in sea water drawn continuously from the" 
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circulating water of the engines at a point within a few feet of the 
intake mouth, situated about 16 feet below tbe water Ime. The wires 
passed thiough the engme room to Chief Engineer McQuitty’a office, 
where the recorder was situated The course followed was south of 
Capa Race to the south of Ireland 

The result of these experiments biings out several points of impor- 
tance. The iceberg effect was cleaily obtained when passing, early 
hi the afternoon, into the ice tiack. Figure 5 shows this very well, 
even in water neaily at 32° F The ship’s course was altered here 
to avoid alargebeig, and when abeam of two momense icebergs, situ- 
ated approximately 10 miles on either side of the ship, the micro- 
thermometer showed its minimum reading, and as the bergs Were left 
behmd the temperatuie rose lapidly to a maximum, fell off again, and 
then rose steadily. No further ice was encounteied until early the 
following morning, when several icebergs were passed in water measur- 
ing approximately 37° F. 

The sudden change of temperature on passmg out of the Arctic 
current mto the Gulf Stream was clearly marked Here a rise of 
temperature of nearly 1 0° was recorded in a little over half an hour. 
The gi’eat steadmess of the temperature of the Gulf Stream was re- 
markable, since for hundreds of miles the variations were not more 
than a quarter of a degree The complete absence of any diurnal 
variation of temperature was clearly marked. 

The tests have shown that large variations of sea temperature are 
caused only by some abnormal condition. Thus land affects it, ice- 
bergs produce characteristic disturbances, and ourient boundaries are 
* clearly shovm The existence of a submarme hot sprmg was indicated 
when passing over the great wall of the continental shelf about 400 
nules from the Irish coast. The bottom of the ocean rises quickly 
here from about 3 miles to one-third of a mde. Just over this wall 
the temperature rose i-apidly to a sharp peak about 1 warmer than 
the surrounding soa, and immediately fell again Figure 6 shows this 
disturbance very clearly maiked It shows the peak superimposed 
on the small variations chaiacteristic of the open sea 

Nearing the Irish coast the variations of the sea temperature 
became more marked, and this commenced at a distance of 200 miles 
from the shore Figure 7 illustrates this very well, where the vari- 
ations may be seen to be much larger than in the previous plate 
Figure 8 shows the effect of drawing near the Fastnet lighthouse, 
which was passed at a distance of about 4 miles Here the tempera- 
ture rose as in the iceberg effect, and then fell as the ship was abeam , 
of the nearest point of land The temperature then is seen to rise, > 
as land was left behmd, through the Irish Sea. The anproach to 
Lundy Island caused the temperature to rise rapidly again and ilien 
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fall as the ship passed abeam of the island, about 300 yards The 
glfect IS here more marked than in the case of the Fastnet, but it 
must be remembered that the ship passed much closer m the former 
case than m the latter The proximity of the English coast caused a 
rapid fall of temperature, as shown m hgure 8, when the ship was 
only 2 miles off the Somersetshire coast, steaming up the Bristol 
Channel It is probable that the rise of temperature m both cases is 
due to the effect of fiesh water from the land floating out over the 
surface of the sea and dilutmg it to a considerable distance 

Early m June, smce givmg this address, I was enabled, through 
the kindness of the Allan Steamship Lme, to obtain measurements of 
the sea temperature on the northly route from Ireland across the 
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Atlantic to Capo Race and through , the Gulf of St. Lawrence to 
Moptreal. These charts, which I intend to publish later, completely 
confirmed the previous results During fog in the ice ti’ack the ice- 
berg effect was clearly obtained, and later a large iceberg was dis- 
covered ahead. 

The icebergs aU produced an effect m the instrument, even those 
passed at distances rangmg from 8 to 12 mdes. The temperature of 
the water through the ice track was between 40° and 41° F Even 
when passing withn a quarter of a mile of a berg it was only 39°, yet 
by the iceberg effect, i e., the sharp rise of temperature to a maxi- 
mum above the sea temperature, the influence of the berg could be 
clearly seen This shows very well that the actual temperature of 
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the water is not a guide as to the proximity of ice, not only because 
this may be rismg and falling, due to other causes, but because ip ' 
different seasons of the year the arctic current is at different tempera- 
tures. The variation of temperature as ice is approached is, however, 
unmistakable, and this the inicrothermometer has invariably indi- 
cated. Should the ice be found in a locality whore variations due to 
other causes are found, the iceberg effect is so characteristic and 
sharp that it will be superimposed on the other curve in such a way 
as to be unmistakable 

Nearmg Cape Race the temperature fell rapidly several degrees 
below the surrounding sea temperature Fresh-water rivers flowing 
into the St. Lawrence, where the waters were salt, produced the 
iceberg effect, thus mdicatmg the probable cause of that phenomenon 
as being due to the water from the icebergs diliitnig the salt watei. 
(See Appendix ) 


THE PRACTICAL LOCATION OF ICE 

The important question arises as to how an iceborg can be defi- 
nitely located by means of the inicrothermometer The exact 
position of a berg ahead of a shi]i m a fog is oi the greatest importance 
to determine In general, it may be said that an icobeig will make 
itself felt in the first place by a rapid rise of temperature as it is 
approached. In the immediate vicmity of the borg the temperature 
falls quickly. The first wammg will bo when the temperature begins 
to mount up the scale above tbe surrounding sea temperature. In 
regions where icebergs are in close proximity safe navigation will be 
found possible, smee no isothermal line can lead to an iceberg 

In conclusion, I wish to unpress upon the reader the importance 
of the fact that the actual temperature of the watei in the ice track 
is no guide to the proximity of even the largest iceborg The expe- 
riences of north Atlantic sea captams alone testifies to the uselessness 
of individual observations It is to the small variations of tempera- 
ture we must look for the mfallible guide, and by means of the 
character of these variations we can determine the presence of ice, 
land, or currents , 
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APPENDIX 1 


Letter erom Prop Barptes to ‘ N vtuee,” on this Riai! oj’ tempehatuhe 

VSSOCIVTED WITH THE MEIiTINQ OP IGnUERQS 
[Latter to Natuia, publtshe J to the Issue ot Dec 12, 1913 ] 

Duimg the suramei of 1912 I liad an opportunity of etammmg m detail tho tern- 
pemtuie effects ot icebeiga The Canadian Government placed its 8tea,msliip Mont-^ 
calm at my disposal for the teats, and three weeks were spent through the Strait of 
Belle Isle Caieful recoida weie made of the tempeiature effects of icebergs and land. 
These tests have shown conclusively that it is tlie rise oJ temperature which la the 
diiect action ot the melting iceberg, and that when a fall ot temperatuie is observed 
near ice it is due to the action of a colder cuiient in which the iceberg is floating, and 
IB not due to the cooling influence of the ice Coolei currents may exist throughout 



the Arctic curient, whethei accompanied by ice or not, but the presence of the ice 
cruises a zone of waimer water to accumulate £oi a considerable distance about it 
The icebergs I studied m the Strait of Belle Isle and off the eastern end of the 
etmit m the Labrador current showed no appreciable cooling, even within a few 
yards of them The rise of temporatnre approaching an isolated berg was sranewhat 
over 2° 0 In figure 9 I show the isotheimal lines about a typical berg off the easterh 
end of the Stmit of Belle Isle This diagiam was obtained by arranging a number 



736 ANN-UAL REPORT SMITHSONIAN INSTITUTION, 1912. 

The explamtion of tkia effect which I gave at my Friday evening discourae at the 
Royal Institution last May was founded on Pettersson’a theory of ice melting in 
watei By this theoiy, which can easily he verified by a simple experiment, ice 
melting in salt water produces three cuirents (1) A current of salt water cooled by 
the ice which emks downward by gravity, (2) a current of warm salt water flowing 
toward the ice, and (3) a current of light hesh water fiom the ice rising and spreading 
out ovei the surface of the salt water 

I at firat thought that it was this surface current of fresh water that influenced the 
miciotheimometor The fringe of this lighter water would be warmer than the sea 
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water on account of the action of the sun and scattered radiation, which is very strong 
at sea The lighter water would retain the heat because it could not mix readily with 
the sea water Near the iceberg I considered that a fall of tempemtui'e would result 
from tile cooling influence of the surface current of fresher water. ^..-n*** 

My lecent teste have shown, however, that an iceberg melts so slowly that little 
effect of the dilution can be detected, even right beside the beig I took a numbei of 
^ples of sea water at different distances from icebeigs as well as samples taken far from 
ice. These samples I carefully bottled and brought home to the laboratory, where 
they were most accurately tested by the electric conductivity method m the physico- 
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cliemical department by Dr Mclnto^ and Mr Otto Maasa No pogsible enor could 
'J'^ult in this way, and the testa being earned out at a constant temperatxire vinder the 
most favorable cii'cnmetances there is no reason to doubt then correctness The 
compariflon shows little dilution due to the loebpiga, which goes to show how quickly 
the melted water fiom the berg is mixed with tlie sea water Lniger variations weie 
found at different parts of the sea than weie obtained in the proximity of ice 
It is evident that an icebeig in melting causes only two of the Pettcisson cuirenta, 

1 e , a cold cuirent which sinks downwaid canymg with it most of the molted ice 
water, and a horizontal surface current of sea water flowing m toward the ice to cause 
its melting By this means we should expect the sea in the immediate pioximity of 
cebergs to be warmer than fiuther away, because the sea surface current is moving 
in toward the berg and does not share in the noimal vcitical circulation which tends 
to keep the sea surface temperatuie cooler 
The icebeig, m causing its own current of warmer water, provides for its own disin- 
tegration Abundant evidence is at hand to show the melting process going on imder 
the watei line 

In my ohseivations of icebergs I was gieatly struck with the large amount of air 
dissolved m the ice The white color of the berg is due to innumerable air bubbles 
m tbe ice, and not to snow on the surface An iceberg la veiy deceptive in this way. 
While it looks quite soft, the ice is so haid as to make it difficult to chop with an ax. 
Ice water which I prepared for drinking on board ship with iceberg ice appeared to 
effervesce like soda water, merely due to the liberation of the air from the melting ice 
It is possible that the sudden disappearance of bergs with a loud report is duo to their 
explosion from accumulated air m the interior I passed close to one berg which was 
casting off small pieces, apparently by the pressure of the pent-up air. 

While icebergs send tbe temperature of the sea up, land and coast Une send it 
down This was observed all along the coast in the Straits of Belle Isle This effect 
is due to the action of land in turning up the colder underwater by the action of tides 
and currents A great deal of work remains to be done in studying the effect of land 
and shoals on the temperature of the sea, hut observations show tlie effect not only 
here but on the Irish and English coasts 

From the point of view of the safety of our St Lawrence route, the effect of land is 
most important The iceberg causes us Uttle worry because we have only a very 
hort ice track, but to find means whereby the proximity of land can be determmed 
of the greatest importance 
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In tlie long icebeig you can see the dangerous overhanging ridga, which is caused 
by the underwater melting, and the lapping of the warmer water waves against the 
This ridge is always found on hergs which have not recently turned ovei ^ 

In the records which Mr King was able to get for me in 1910, besides the iise of 
tempemtuie a fall of temperature was obtained when the ship approached the vanous 
icebergs with the exception nf one These bergs weie all floating in the main Arctic 
current off tlie eastern coast of Lahradoi In the light of my recent work I feel sure 
that the drop in temperature was due to the influence of the cold cufient m wllich the 



ireborg wn floating Those ooM ourrmta exist :n the mam Aictic current whethet 
ice := prcj-'i.n'' or i>Oo bu' ili “ pic-onre oi ,hc new 1 1 slightly elevate the temperature, 
Yo a<-=uv 111 illm.tiu'i.ji. o 'nv uiw-nmu pl< .wo jetoi It the nnemtVi'n.givn htke 
tl.e VlIanLioc H Af m T u.'.., > m u.i-i- ni 'Pu-iee'" 1 w. ich ‘■t'limt liiivce 

uom . t>c chan on the i.-sicmn ■ . * ten k li l dcpi o of icl„ b\ ijic 

Oapclii* oi.iiPc Afmi posk i,- ■ ' ' e Arctic current di'opam tempera' 

turorogulailj iw ]jro. cod= v“,T\vard IHccirn'll lai.a'jori up and ch-Vi’i 're 

partly due to icebeigT past'cn a' dwltmti’ oi fl In 8 milo:, iii'J perMy duo i) coldrj 






ICEBERGS in navigation — ^BARNES, 


739 


cUrrentH The lowest temperature recorded here was reached nearest the Newfound- 
i^d coast, hut the effect of ice can be seen well marked by the sharp peak of temper- 
ature, which I have shaded Just here we passed most of the ico close to and were 
obliged to proceed slowly in heavy fog at times This colder and swifter Arctic 
current earned with it the greater proportion of the ice, hut it is Well known that this 
colder current exists whether accompanied by ice or not 
rp^ _ ■^'■—nerature just before coming abeam of our largest berg was not 

di . . but to the influence of the cold current The effect of the 

ice IS 10 iiuiu uie lemperature abnormally high The dotted line on the diagram 
lepresenta how the temperature would probably have gone had no ice been present 
It would depend wbicli way we approached this berg whether a drop in temjiera- 
tuie would result The temperature rises rapidly, whichever way we approach it 
I have many other traces illustratmg the same thing, and for this reason I wasfoiced 
to abandon tlie idea that aii iceberg sensibly cools the water in which it la floating 
I was also unable to find by calculation that an iceberg could appreciably influence tlie 
sea water on account of its slow rate of melting 
It IS very illusive to depend on lahoiutory tank experiments to illustrate sea ■aater 
circulation The conditions at sea are so very different I was veiy much surpiised 
not to find during my experiments last summei moie conclusive evidence of sea- 
water dilution due to the moltmg icebergs A large number of conductivity tests 
were made of sea water, and these aie described in my Canadian Government report 
The following may he of interest, the readings were made at 26° 0 
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It is evident that the great Ai’ctic cnn'ent is of a lower oidei. of salinity, and that its 
course may be traced along our eastern coaat * 

In the early spring when the water is cold the Newfoundland hshermen will find Hm 
cod in the vicinity of the icebergs, and will always obtain tbeu catch there Per- 
haps this Js an indication of the waiming influence ot the beiga, for the cod will not 
live m veiy cold water 

Next summer J shall continue my observations more paiticidarly with reference to 
the influence of land on the tempeiatuie of the sea I hope before long to be able 
to publish hero some typical inicrothermograms bowing this eftect. 

H T Barnes. 

MoGnm University, Janimnj 27, 1913 
(From Prof H T Barnes, F R S ) 



HENRI POINCARE HIS SCIENTIFIC WORK, HIS 
PHILOSPHY^ 


By CnARDEs Noudmann 


With the sudden death of Hemi PomcarS a great sadness came 
to aH lovers of ideahsm and of science Among all classes it vas 
felt that a great hght had been extinguished m the fii-mament of 
thought. But that feehng was nowheie so poignant or so lastmg as 
among those who, in their silent arsenals, slowly foige then weapons 
for the struggle against the unlmown, in the workshop of the physi- 
cist, beneath the dome of the astronomer, or in the bare room which 
the philosopher so richly furmshes with his meditations. 

Plenri Poincar6 was not only the uncontested master of natiual 
philosopy, the intellectual beacon whose penetratmg rays could 
pierce all the regions of science It was not for such quahties alone 
that we admire hnn, for he had also those characteristics which made 
us love him That is why for a century he, more than any other 
philosopher, has had “that personal influence which he alone can 
exercise whose heart has not ceded to his brain ” ^ 

And now, when death takes from us this master whose task is 
done, it is the man alone for whom we mourn In the work wluch 
he left was the best part of himself. When a man passes from us 
while yet young, yet full of creative activity, of mental vigor, of 
moral force, the weight of whose authoiity was constantly renewed, 
then our regrets are beyond bounds. In our sadness we are ongiy at 
fate, for what we lose is the unknown, the hopes without limit, the 
discoveries of to-morrow which those of yesterday promised 

Other nations regret the loss of Henri Poincar4 no less than we. 
He was received with unbounded admiration in Germany where, 
on the invitation from their universities, he several times lectured 
so brilliantly on his work. Such intellectual crusades were among 
his greatest joys, for he felt that he wtis ror onl}* carnung conviction 
but friendship as well. Philosopher, mailmmaticiuns, usTronomers, 
all spoke of him as tlie gicnli=-L authoiuv of our time (“Die erste 

1 Tianaiated by pennfaslon from navnc des Deux Mondes, Paris, Sept, U, 1S12, pp. 33l-3flS, 

2 All Iba pbxiisos Included Tvltliiu quotatiew marks wta Blipreased by Henri Poinoard blmscll unless 
olhenvlsti stated, 
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Autoritkt von dieser Zeit”) And just recently one of the most 
eminent of American astronomers, Prof Moulton, a member of th^ 
National Academy of Sciences of the Umted States, wrote of him 
that ” although Th-ance had the honor of giving birth to this admir- 
able man yet he may be regarded as a gemus of the whole world. 
On hia tomb should be engraved those words which the Enghsh have 
put on that of Newton, 'Mortals, congratulate yourselves that so 
great a man has hved for the honor of the human race ’ ” 

When, contrary to aU piecedeut, ho won such honor among men 
of judgment the world over before the lapse of a century or two, we 
may be sure that the work of Poincar4 was truly great and remarka- 
ble But before glancmg at that work as with the look of some 
beetle at a majestic oak, lot us dwell for a few moments upon the 
thoughtful and captivatmg personahty of this loved master 

I THE MAN AND THE SCHOLAll 

With his ruddy face, lus beard turmng a httle gray, and not always 
geometrically arranged, his shoulders bent as if under the ever 
present weight of his thoughts, the fu'st impression of Hemn Pomcard 
was one of smgular spirituahty and imperious gentleness But two 
traits were particularly characteristic in him* Ills voice, deep and 
musical and remarkably animated when speaking of problems which 
greatly moved him, and his eyes, rather small, often agitated by 
rapid movements, under irregular eyebrows In his eyes could be 
read the profound mtenor hfe which unceasmgly animated his pow- 
erful brain. His glance was absent and kmd, fuU of thought and 
penetration, his glasses scarcely veiling its depth and acuteness. 
His short sightedness, poorly coiTected by his glasses, added to his 
absent look and made one say of him, “ He is in the moon ” Indeed, 
he was often very far away 

Legend began to form about him long before his death and attri- 
buted to lum numerous traits, many of which for half a century 
have been attributed to Ampere, some erroneous, some indeed true. 

It has been said that he was absent-minded; absorbed in thought 
would he more exact Great thinkers, as well as aU who are intense, 
are slaves of the mteiior tyrant which usurps their souls When 
thought assumes control of a man it holds him under its claws as 
the vulture of Prometheus. The profound visions which possessed 
the soul of PoincarS left him no rest Often he lost sight of the 
near at hand objects and the petty things of dady Mfe, for his vision 
was closely focused on the iniimte It was when he was troubled 
vdth the immediate and ordinary things of life, and his judgment 
was then as sound as in legard to weightier matters, that he was 
ever really distracted, if we use the word in its true etymological, 
sense. , 1 
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In the discourse in which he was honored at the Acaddmie fran- 
^aise, M. Fr6d6ric Masson wittily narrated several anecdotes of this 
absent-mindedness. Especially amusing was the cainying off one day 
imconsciously by Pomcar6 of a ivillow cage from the front of the shop 
of a basket maker. The incident was true, but upon inquiry we fin d 
that Poincar6 was only 4 yeais old when it happened How many 
men of gemus, mdeed, how many men of no gemus, are there at whom 
no one has ever been astonished that at that age they did not show 
the prudence of Nestor m their conduct on some stroll Nor is this 
at all for the purpose of weakemng our skepticism at that "httle 
science of conjecture” which we call histoiy Pomcai4 was himself 
amused at all such anecdotes “They say,” he conceded with a pleas- 
ant smile, “that creates a legend.” Moreover, he has yeiy well 
explained that “if we meet so many geometricians and naturahsts who 
m the ordmary domgs of everyday hfe show a conduct at tunes aston- 
ishmg, it js because, made inattentive by their meditations to the 
oidinaiy things which surround them, they do not see what is about 
them, it is not because their eyes are not good that they do not see; 
it is because they ai'e not seeing with them That m no way hmders 
them from being oapablo of using keen discernment toward those 
objects which are of interest to them.” 

^ The psychological characteristics of Poiacare were made the object 
of an interestmg and very full study by Dr Toulouse/ of which cer- 
tain conclusions should be noted. This study was made especially 
as an expeiimental test of the celebrated statement of Moreau of 
Tours that “genius is a nervous disease ” We know how Lomhroso 
took up and amplified that idea and that he thought that he could 
conclude from his researches that genius is inseparably comiected 
with nervous troubles, especially with epilepsy Yet, despite all 
those researches and from whatever side they conducted their attack, 
Dr. Toulouse and his collaborators were unable to find m Poinear6 
the least trace of neuropathy. AU their measures, all their tests, 
showed them a man perfectly nomal psycho-physiologically, possessing 
in eveiy way the most harmomous and perfect equilibrium. Thus 
he demonstrated at its proper value one of the most brilliant, one of 
the most sensational errors of Prof Lomhroso 

Because, physiologically Poincar4 was, despite his genius, in no 
way different from the average of ordmary men, I would not fail, were 
I a spirituahst, to use this as an ai’gument in favor of a soul apart from 
the body 

The instability of attention in Poincar6 was one of the characteria- 
tics which most struck Dr Toulouse Indeed, Poincar^ had a habit 
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of jumprag fiom one subject to anotlicr entirely unconnected, of 
jumping, if I may employ a slang phiase, ‘'from a cock to a donkey^^” 
In keejiing with, this was his habit, which often astonished strangers, 
of rising brusquely in the middle of a conversation, walkmg brisldy 
for a moment, and then reseating himself “Those are ideas,” he 
would say, “which come and go ” Perhaps we nught thus compre- 
hend the “demon” of a Socrates or the “voice” of a Joan of Arc. 

“Pomcaifi is not an emotional man,” Dr Toulouse also wrote; “he 
is neither affable nor confidential ” Perhaps that might have been 
Inferred, but Dr Toulouse was certainly deceived Poincai6, retired 
Within the ivory toweis of his thoughts, was insensible to all that dis- 
tui’hs the hearts of ordinary men. He himself used a somewhat lofty 
phrase full of a sad stoicism which would confirm that impression, 
when he said “ The sole end which is worthy of our labor is the search 
for truth There is no doubt that first we must set ourselves to ease 
human suffering, but why ? Not to suffer is a hegative ideal and one 
which would he must certainly attanied by the annihilation of the 
world ” If in the eyes of the woild ho thus seemed to resist his own 
feelings, we ought not to heheve them the less sensitive But to good- 
ness no less than to beauty belongs the quahty of modesty Pom- 
car6 was adverse to the familiarity of special friendsbps, because, 
with Henan, he felt that they made one unjust and were unfavorable 
to larger interests Nevertheless, his kindness was perfect, even with 
those who importuned him for advice or praise. Within those two 
concentric circles, the family and the fatherland, modern society has 
accustomed ua to limit our altruistic affections He loved them 
dearly He was too good a son of Lorraine not to feel hui’t when he 
thought of mutilated France; m what sad and troubled accents he 
knew how to speak of that gi’eat grief which has left us twice mconsola- 
ble, even though our sons seem to forget. But it was especially in 
his family, that confidential fatherland, that he showed without con- 
straint his charming tenderness of heart He him self taught his four 
children to read, and I have known aspects of his romps with them 
which would recall Henry IV, but it would be imprudent to desenbe 
them here How far removed he seems in these from that abstract 
mmd m which they would have us see him, retu'ed like some monstrous 
snail within the inaccessible convolutions of his thoughts. Moreover, 
he had the good fortune to live in surroundmgs the most favoiable to 
creative work, in an atmosphere of silent affection and discreet quiet 
which, the gentle hands of the women of his household knew how to 
create around him 

Pomcard was attracted by beauty in aU its forms provided only 
it was noble Music, painting, poetry, were his preferred relaxations. 
Even as to his science we will see that he loved it above all for the 
esthetic pleasure it brought to him. An anecdote is told of him by 
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M Sageret which shows well the disdain with which he neglected 
what was not science for science, or, if I may daie to use a now 
pliraae, Science for Art. The duector of the Illcole supdiioro des 
tdldgraphos had asked him to discuss in a lectiiie a somewhat dilli- 
cult problem relative to the propagation of electric cunents in cables 
Pomcard accepted and solved the problem “at &st sight” without 
liavnig had the time to discuss it Congratulations came from tlie 
director. “Yes,” replied Pomcard, “I have found the value of L, 
but is it measured in kilograms or knometei-sP’ It is useless to add 
that he knew very well what he was tal kin g about 

We should also recall liis bidhaiit school daj''s, his wonderful 
faculty for assimilation, he followed all the mathematical couises of 
the ficole polytechinque without taking a single note, not boeuuae 
he remembered the demonstrations hut because he could reason 
them out at will We should recall that he was very skilled in rea- 
soning, hut what does that prove? The gi eater portion of the 
teacliers of mathematics have left no trace of themsehes in the 
world For it is one thing to assimilate, another to invent, and wc 
know of scientists of renown who have not succeeded in malang 
themselves accepted as fellows m our colleges 

To be complete we should conclude by spealang of his career, his 
rise to the very highest rank, to the greatest honors given hv society. 
But that matters little There is no common measure between 
Poincard and the many other men whose ranks and titles in this 
social ant hiU arc equal to Ins and of whom some one — 1 have forgotten 
who — said, “their conceit lU concealed then mcompeteiice.” Pom- 
card, on the contrary, never attached much weight to such honors. 
He was deeply and smeerely modest, hesitatmg always to announce 
definite conclusions and his intellactual attitude was constantly one 
of doubt It is perhaps for that reason that among a dozen great 
scientists who have lived during the last century, he accomplished 
the miracle of never having made a smgle enemy, a single one hostile 
to him m science 

In Ins scientific work, Pomcard touched all the great matliematical 
questions He did not merely touch them as, from the multiplicity 
of problems examined; one might suppose— ]ust skimming over them. 
Tins }/Iichelangelo of thought could not, would not, stop at the little 
details — ^for the small harvests to be reaped from the beaten paths. 
It was in the moat obscure corners, the most maccessible of matter, 
that he loiew how by first onslaught, with great cuts with his chisel, 
to open paths full of light and unknown flowers. 

HiUhematuian above all and before all, he could clear flelds for 
himself in tlioae studies which transcend reality and where the pure 
geompuieiaii, lost completely among his harmomous abstractions 
iind ])uie deductions, constructs at his wfll, immaterial, impeccable 



beings of strange beauty. The pure matbematician has at his beck 
intitnate delights of such esthetic quahty that it often comes to pass 
that he no longer finds interest in the exterior world, lost m a kind 
of grand mysticism. Poincar4, however, was not of that land, 
although hiB researches in geometry and analysis made hnn the 
greatest mathematician of our times. " Experience,” he said, “ is the 
sole source of all truth ” And those words acquired a singular force 
coming from the mouth of the greatest theorist of our epoch. That 
was why among mathematical problems Poincar6 attacked especially 
those which physics brought before him. That was why he passed 
so readily from pure analysis to mathematical physics and then to 
celestial mechamcs And, finally, tliat was why he came to reflect 
upon the very foundations of our knowledge, upon the past and the 
future of our world, upon the value of our thoughts as we pass to 
the limits of what we can know to the borders of that abyss wliich 
separates physics and metaphysics and into which abyss most of us 
can not glance except with dizziness. It tore from Pascal many 
superb sighs of gnef, yet Poincar4 could look at such matters as he 
looked at all other things, not with a useless despair, but without 
prejudice and foolish illusions, with simple, clear, and profound good 
sense, he loiew how to look at them and after a glance with his eagle 
eye to sum up all m a word. 

II POINOAR^], THE MATHEMATICIAN 

“My daily mathematical studies,” said PoincarS — "how shall I ex- 
press myself? — are esoteric and many of my hearers would revere 
them more from afar than close to.” That is what he said one day 
to excuse himself for speaking on a mathematical subject Wlien- 
ever he commenced one of his profound lectures, in which he charmed 
his hstoners, he felt the need of thus excusing himself Thus by Ills 
modesty he Imcw how to make us pardon liis gemus I-Iowever that 
may be, you will permit me to appropriate that remark for the pres- 
ent occasion that I may not beyond measure speak of the purely 
mathematical researches of Pomcarfi It would require a dozen years 
of preliminary mathematical study for the curious reader to be able 
to know them, and if he were familiar with the elements such as he 
would get in the ordmary college course he might take a glance at, 
them. 

Were I to characterize in a few words what Pomcare brought now 
into the divers processes of calculus and which won for bun tlie title 
"Princeps Mathematicorum,” which unanimous consent has given to, 
no other man smee Gauss, I would proceed thus . In algebra and in 
arithmetic, where he introduced the new and fertile idea of arith- 
metical invariants and in the general theory of functions, his disr 
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covenes were numerous and would liare sufficed for tlie glory of 
several mathematicians 

It was especially m the theory of di-fferential equations that the 
genius of Poinoarg showed itself If he spent on them the greater 
paz't of his intellectual resom'ces it was without doubt because most 
of the problems offered in the physical study of the universe led to 
just such equations. Newton was the first to shoiv that the state of 
a moving system, or, more generally, that of the umverse, depends 
only on its immediately preceding state, and that all the changes in 
nature take place in a continuous manner True, the ancients in 
their adage, "Natura non fecit saltus, ” had an i nkling of it But 
Newton was the first, with the great philosophers of the seventeenth 
century, to free the idea from the scholastic eiTors which perverted 
it and then to assme its development A law, then, is only the neces- 
sary relation between the present state of the world and that imme- 
chately preceding It is a consequence of this that in place of study- 
mg directly a succession of events we may hmit oui’selves to consid- 
ermg the manner in which two successive phenomena occur ; m other 
words, we may express our succession by a differential equation, 
All natural laws which have been discovered are only differential 
equations Lookmg at it shghtly differently, such equations have 
been possible m physics because the gi-eater part of physical phe- 
nomena may be analyzed as the succession of a great number of ele- 
mentary events, "infimtesimals,” all similar 

The knowledge of this elementary fact allows us to construct the 
differential equation and we have then to use only a method of summa- 
tion in order to deduce an observable and verifiable complex phe- 
nomenon. This mathematical operation of summation is called the 
“integration” of the differential equation In the greater number 
of cases this mtegration is impossible, and perhaps all progi'ess in 
physics depends on perfectmg the process of mtegration. That waS 
the principal work of Poincar^ in mathematics And m that line 
his work was amazing, especially m the development of those now 
famous functions, the simplest of which are known as the Fuchsian 
functions (named after the German mathematician Fuchs, whose 
work had been of aid to PomcaiA), We may represent by these new 
ttanscendental functions, which are also called automorphio, curves 
of any degree and solve all hneor differential equations with algebraic 
coefficients PoincarS thus gave us, usmg the apt expression of his 
colleague, M. Humbert, of the Acad6mie des sciences, “the keys of 
the algebraic world.” Pomcar^ himself used these algebraic tools 
in his researches iu celestial mechanics 

To tell the truth, the Ncwtoninn idea as to the continuity of phys- 
ical phenomena has of laic hoeii somewhai hath red dona ni scvoral 



places by the new and odd theoiy of ‘^quanta/' to the const, rnetion 
of whxch several physical discoveries have led This supposes a cor- 
tain physical discontinuity in the atomic phenomena which prorluce 
radiatioud Not wishing to go too much mto detail on this subject, 
I am gomg to make a somewhat bold comparison, but one which is 
perhaps not wholly void of meaning' The hyjiothesis of quanta has 
grown up side by side with that of continuity, just as m biology the 
Lamai'kiau and Darwinian theories of slow and imperceptible evolu- 
tion. have come recently face to face with those of sudden and dis- 
continuous mutation of the Dutch naturalist, De Yries. The latter, 
by the new evidence which he has brought forwaid, has not destroyed 
the older theory; he has merely enlarged it, shown ita limitations, and 
left it intact in its greater significations Similarly, the theory of 
quanta, it is probable, will not prevent the greater part, if not all, of 
physical phenomena from being capable of representation by differ- 
ential equations The progi’ess which the latter have brought, the 
physical discoveries to which they have led, notably m optics, in 
electricity, and in astronomy, are theu guai’anty Accordingly, the 
new functions discovered by Pomcar4 will always romam one of the 
most brilliant contributions which he brought thi-ough pure theory 
to the study of external phenomena. 

If we study the characteristics of the method of Pomcar4 and of his 
mathematical genius, we find especially a wonderful faculty for gem 
erahzation Instead of starting, as do most students, with a study of 
the mmor details, he jumped to the very heart of his problem, neglect- 
ing the intermediate details, like an audacious conqueror, who, with- 
out prelimmoi'y s k i mus hmg, mokes his fii-st onslaught upon the 
master difficulty, the most impregnable fortress, inventing on the 
spot the mstruments for subduing it and then forcing its surrender 
without striking a blow. Then we would leave to others the investi- 
gation and organization of the new province which he had just won 
and pass immediately to other conquests. In that sense wo may 
speak of him as being “more a conqueror than a colonizer There 
resulted that peculiar method of thought so noticeable m his p hi1 n~ 
sophical writmgs, so disconcerting at times to the novice and which 
brought upon him the reproach of being disconnected. True, Poin- 
care's process of reasoning was not smooth and continuous , he pro- 
ceeded by successive bounds which had more the effect of a broken 
hue. But the profile of a diamond is hkewise made of broken fines, 
from the very virtue of whiefi its brilliancy results. Suefi a logical 
method i'l noi common, but. borrowirg the word= of M. Pninlor6, 
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“Should we be surprised if a bon does^ not run with the steps of a 
mouse?” 

Upon the very structure of his thoughts, upon tho niechanistii of 
hi3 marvelous cerebral workshop, Poincau’d has left us strange and 
suggestive confidences. Since what we know of the universe comes 
only from its image as reflected to us thi’oiigh our brain, that hnoivl- 
edge IS affected by all the properties and deformations of that inner 
nmror, and psychology will without doubt one day be the master 
science. Accorduigly the psychological aspects of a hram like lliat 
of Pomcar^, wluch he has shown us naked witli such touching sin- 
cerity, are of unequaled interest In studying the genesis of inatlie- 
matical mvention, “which without doubt is the purest and moat 
exclusively rational process of our bram because it seems tlio least 
conditioned by the exterior world,” we find the most essential char- 
acteristics of the human mmd which we may ever hope to get. La- 
place has said, “A knowledge of the methods of a man of science are no 
loss useful to the progi'ess of science or toward his own glory than the 
discoveries themselves ” 

Contrary to our expectations, conscious work, voluntary and logical, 
did not with Pomcard play the most important part. Nothing is 
more amusmg m that respect than the manner m which he has told 
us of his discovery of the Fuchsian function This idea which strug- 
gled vaguely m his bram one evening after he had taken, contraiy to 
habit, a cup of coffee so that he could not sleep, took shape little by 
little under the strangest of ch’cumstances. Everyone has read the 
pages where he has told how he saw in due proportion all the chief 
difficulties but did not consider them further, and then how, long 
afterwai’ds, m a flash, the solutions he wished appeared to him when 
he was putting lus foot on the step of, an ommbus; at another tune 
when crossmg a street, and yet again on a geological stroll in the midst 
of a triflmg conversation 

The “subconscious self,” or, as some have put it, “the sublimuial 
self,” plays m mathematical mvention a supreme part There where 
we believe reason and will ruled alone we find sometlmig appearing 
analogous to the mspnation which custom attributes to poets and 
composers And it is a tronble«ome ciToumstance that this subcon- 
scious self succeeds in soh-mg probloTUs and overcoming difficulties 
which the conscious self could not. Is then the subconscious not 
superior to the conscious self ? Have we not here soinethmg within, 
which is greater than ourselves, a sort of divine essence superior to 
our will and reason which makes us capable of tasks greater than our- 
selves We can understand the importance of such a question and 
the spiritual significance of a positive relpy. The positive mind of 
Poincii lA, however, would not admit supeinatural explanations unless 
absohiUilv jiceefun v and m a penetratmg and accurate mvestigation 



he has shown a way to escape such a conclusion He makes us see 
how the automatism of the subliminal self works only upon material 
which the conscious self prepares for it and then explains how, 
among the great number of combinations which the subliminal self 
foi-ms, only those come into our consciousness which are apt and 
elegant and consequently affect our senses and attract our attention. 
The simple and most harmonious construction turns out to be pre- 
cisely the most useful as experience and reason repeatedly teaches. 
The esthetic aentnneut for the harmony of form and number and geo- 
metrical elegance dommates the thought of the mathematician. His 
soul is first of all that of an artist and a poet. 

These views, so deep and ti'ue, are somewhat at variance with the 
classic idea of a mathematician, respectable, exact, but rather ludi- 
crous with his mechanical bram and an eye which the traditional 
glasses have rendered blind to aU beauty and m whose heart nature 
has placed, mstead of feeling, a table of seven-deoimal-place loga- 
rithma 

In, unveihng to ub in a man of science worthy of the name, a sensi- 
tive and esthetic being, Poincarg has again yielded to liis innate 
modesty. The limitations of our brain have made us exalt its merits 
in our modern society where the “cult of intelligence” rules; we have 
had and perhaps still have a tendency to exalt the virtues of the will 
at the expense of those which come from the heart, We hold as 
Superior to all else the attributes of the thmldng man and so qur 
justice has a deep disdam for those who ai’e in*esponsible, though 
indeed we do not judge that they merit punishment In thus show- 
ing us that his so logical a development for science was due largely to 
his subconscious and involuntary and only partly to his conscious 
faculties, PoinoarS doubtless somewhat lowered his own glory, per- 
haps that of nU scientists m the eyes of some; as to that I imagine 
that he would be easily consoled. Tliis marvelous autopsyohologioal 
study has explained one thmg which seemed at first very surprising, 
how working only four hours, or rather consciously wor king only 
four hours a day, Poincar6 was able to produce a scientific contribu- 
tion perhaps greater than that ever made by any other mathemati- 
cian. Uncontrolled by his will, his cerebral maclune worked by itself 
night and day, without stopping Perhaps otherwise he might not 
have died so young. That interior flame which without rest, shone 
so brightly, burned up too soon the lamp which held it. 

nr POINCARJfi THE ASTRONOMER 

In astronomy the work of Poincarg was gigantic. That science 
could not have failed to attract him from the very fh’st because of all 
the exterior world it offered to his power as a generalizer, disdainful 
of conditions, the greatest and most lasting problems. There is no 
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other branch of natural philosophy which provides to the meditation 
or to esthetic revery such grandeur. Astronomy is the mother of all 
the sciences and it is still today the most advanced, that in which we 
can best predict the future 

The study of the stability of oiu’ universe has been for two centunes 
the fundamental problem of celestial mechames for the solution of 
which the genius of mathematicians has striven, This portion of 
space wherein we are placed, the solar system, is it stable? Will 
those planets which we have observed from time immemorial con- 
tinue to describe invariably the same immense orbits with only a few 
periodic oscillations from their mean positions, 'vvill they contmue 
thus indefinitely in the future? Or will this machine so harmo- 
niously contrived, and wherein We at present see no apparent sign of 
possible destruction, never become unstable and disappear some day ? 
That 13 the'problem. 

When Newton demonstrated that gravity acted not only between 
the sun and the planets hnt also between the planets themselves, it 
was seen that there must result irregularities m the harmony of the 
solar system, that the reciprocal attraction of the planets must 
slightly deform the perfect elhpses which the attraction of the sun 
alone would have made them describe. Truly these defoimations are 
small because of the smallness of the masses of the planets compared 
with the central sum (Jupiter’s mass is 300 times that of the earth but 
only one one-thousandth that of the sun). But might not these 
planetary perturbations, accumulating through centuries the effects 
already observable in the time of Newton, finally destroy the Kepler 
ellipses ? At any rate, the simple harmony of the world of Kepler no 
longer is real. Newton, strongly emhari’assed by the foresight of the 
impending catastrophe, has made, in his optics, this allusion to the 
planetary inequahties, “which probably,” he says, “wiU become so 
great in the long course of time that finally the system will have to he 
put in order by its Creator,” 

In 1772 Laplace believed he was able to demonstrate that these 
fears were groundless. He showed that the secular mequahties of 
the planetary elements compensated themselves periodically at the 
end of a -nffioiciitlr long peiiod and the terms of the first order of the 
pcflurbaiioiis nould disappear in the calculations. That imphes a 
stabihty of our system at least for a very long time, thousands of 
secular periods. Consequently, Laplace criticized^ the deus ex 
macbma invoked by Newton and somewhat haughtily believed he 
could affirm, arguing from his results, that the machinery 
world had had no need of the imrial fillip and that it would go ahead 
mdefinitely without the need of oni-ide asjstuncc. Is it necessary to 
note that there must be some fault in logic oq the part of one who 
could suppose that when the solar system had so heautifnlly evolved 



from a nebula tbo procesa of evolution would stop and become fixed 
in eternal immobility or perliaps better m invariable mobibty But 
even great men sometmies make slips in tkeir logic. There were 
never men who made none ^ 

Ijater, two celebrated mathematicians, Lagrange and Poisson, 
considerably extended the system of Laplace, The indefinite sta- 
bility of the planetaiy elements seemed assured forever The 
address delivered by an astronomer, and ho not one of the least, 
M. de Pont6coulnnt, before the Acad6mid des Sciences, when the 
statue of Poisson was dedicated, shown well the state of behof of the 
world upon this mattei then, and it was scarcely altered a.t the end of 
the nmeteenth centuiy. 

"For his masteipieee,” he said, "Poisson had the honor of solving 
tliat most important problem, the atabihty of the solar system, of 
which, after the works of Laplace and Lagrange, doubts stdl existed 
in the most judicial minds. In the future the hamiony of the celestial 
spheres is assured. Their orbits wull never depai’t from the almost 
circular form which they have to-day and then- respective positions 
will make only sbght departures from a mean position in which the 
succession of centuries will finally see them revolving The physical 
universe was therefor© built upon indestructible foundations, and 
God, in order to conserve the human race, will not be obliged, as 
Newton Wrongly believed, to retouch his work ” 

So matters stood when Poincar6 attacked the problem Soon dis- 
coveries succeeded discoveries The problem set is this Being given 
several bodies of known masses in given places and With given 
velocities at some known moment, to determino what these places 
and velocities will be at any future time, t For a single planet and 
the sun the problem is completely solved by the laws of Koplor But 
when two planets and the sun are considered the reciprocal attraction 
of the planets upon each other must be considered. Then we have 
the celebrated problem of three hodies. The difficulties of this latter 
problem are such that it can be solved only by the method of succes- 
sive approximations In the equations which led Laplace and his 
successors to their conclusions as to the stability, the coordmates of 
the planets W’ero developed in a series whose terms were an’anged in 
powers of the masses Poincar^ first showed that we could not thus 
obtain an indefinite approximation and that the convergence of the 
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senes liad been assumed without proof by those who employed them, 
and that it is probable that m the terms of higher order, i, the time, 
enters not only with the sine and cosine, Which would lead to periodic 
compensations of the irrogulaiities, but also outside of the trigono- 
metric functions, so that certain of the terms, at fust negligible, may 
possibly increase indefinitely with the tune. Here with one blow he 
reduced to naught the conclusions of Laplace and his successors 

Pomcard found later that certam new methods would allow him 
to express in every case the coordinates of the planets in a purely 
trigonometric senes, avoidmg the mconvemences of the former 
methods, and he proved foi the pmpose a hnlliant series of new 
theorems of great generality The rigorous proof of the stability 
now depended only on knowing whethei the new series would be 
conveigent This was the knot of the problem, for before Ponicar^ 
all astronomers had supposed a trigonometric series to be absolutely 
convergent Pomcar^ showed that that opinion, despite the fact 
that it was classic, was erroneous, and indeed that, when we have 
represented the coordmates of the planets by a convergent series 
which IS not veiy different from that employed by Laplace, we will 
not have demonstrated the stability of the solai' system. Because 
of these great results, which aie like the crowning of three centuries 
of incessant research, posterity ivdl certainly place this new treatise 
on celestial mechanics (Les mdthodes nouvelles de la ni4camque 
cdleste) by the side of the immortal Piincipia of Newton All future 
reseaiches on this subject must be built upon the solid foundations 
laid by Poincar^ 

Celestial mechanics m general considers the planets only as if all 
thorn matter were concentrated in mathematical points It leaves 
out of consideration the other properties of these objects, evidently 
generally negligible m comparison with the Newtonian attraction, 
but whose effects with time may become of importance relative to 
the stability of the systems Attacking the question from a new 
side, Pomcar6 showed that there are three preponderant forces tend- 
mg to modify the orbits The resistance, weak thoughiit may be, of 
the interplanetary medium; the tides which the planets and the sun 
produce UT30U each other, and the magnetism of the planets. The 
Hccumuhiiid idfects of these will finally precipitate the planets into 
the sun Tliat will be the end of our system of planets Will that 
be the end of the human race ? Certainly not, for it is very- probable 
that other changes will have ended terrestrial life long before the day 
of that final catastrophe; the day ? no, I should not say day, for there 
will no longer be day and night, for our earth will then forever present 
the same side toward the sun! Many reasons lead us to believe that 
in the future as well as in the past the duration of human life upon 
this globe will bo infinitely small compared to the time om* earth has 



its being So those who fear that their end will be hastened by that 
of th.6 solar system may bo reassured The retinue of the sun once 
disappeared, does that mean that other analogous and distant sys- 
tems, scattered here and there hko a living dust, will not exist in- 
definitely That is a question much discussed at present, but which 
we can not answer 

The problem of the shape of a star resolves itself into that of a 
fluid mass rotatmg and subject to various forces. Next to the 
problem of three bodies it is the most important one of celestial 
mechanics. Here, too, Pomcar^ made remarkable disco venes They 
mark an epoch m the study of the subject, as Sir George Darwin 
remai’ked the day he presented to Pomcar^ the gold medal of the 
Koyal Society of London Formerly but two figures of equilibrium 
were known lor rotatmg fluids, the ehpsoid of revolution and that of 
Jacobi with three unequal axes. Pomcare found through his calcnla- 
tiona an infinite number of others which are stable and shaped like 
pears, whence the name apiodes given to this class of bothes The 
pear-shaped bodies discovered by Poincard appear to have an im- 
portant place in nature, as proved by the evidence from ccrtam nebiite 
and close double stars. They enable us to get some idea of the mech- 
anism of that bipartition, somewhat analogous to that of organic 
cells, which may have given birth to a great number of binary sys- 
tems and which successively separated the earth from the sun and 
then the moon from the earth 

Finally Pomcard showed that no form of equilibrium is stable 
when the velocity of rotation exceeds a certain limit. He at once 
applied this fact to that emgmatic marvel, the rmg system of Saturn 
Maxwell showed that the rmgs could not be solid and if fluid that 
their density could not exceed three one-hnndredths that of Saturn. 
Poincar^ proved that if the rmgs are fluid they could not be stable 
unless their density is greater than oue-sixtieth that of Saturn. He 
concluded that the only alternative is to suppose that they are formed 
of a multitude of small satellites, gravitating mdependently. We 
know how spectrum analysis subsequently proved this marvelous 
deduction of this mathematical genius. 

A small portion only of Pomcard’s scientific work is mcluded in that 
just described. Even a superficial description of all would require 
volumes, it is so vast. Before turning to another branch of his work, 
that which will reveal his philosophy, I feel almost a kind of remorse 
as I find myself obliged, by the limitations of this tribute, to pass 
over in .silence all those great discoveries winch he has so generously, 
almost indifferently, if I may use that word, worked out, always 
with the same mastery, in such different branches of science, in 
optics, in thermodynamics, in electricity, or in astronomy; some- 
times ,with daring strokes he treated of the relations between the 
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matter and the ether; again ha compared the thousands of suns of 
the Milky Way to the molecules of a bubble of gas, applying to them 
the kinetic theory and oponmg m the stellar universe such astonishing 
aspects, then from a ray of light sent fioni one of the planets he 
teaches us to learn at the same tune the motion of the sun which 
sends the ray, of the planet which reflects it, and of the earth which 
receives it But we must stop; when we are passmg through a beau- 
tiful and vast forest full of varied aspects, wc must not stop only in the 
first pleasing shade we leach, for yet farther on there will be found 
othere where new I’hythms will arouse our emotions and enchant our 
eyes 

' IV POINCARE THE PHILOSOPHER 

From science to philosophy there is but a step to take, they 
so bound and penetrate each othoi. The Greeks had but one word 
to express each Even to-day the Englah call the physical study of 
the universe natural philosophy. Poincar^ coidd not escape that 
attraction which has forced all the great workera in the exact sciences 
from Democritus to d’Alembert, toward the end of their hves, to 
reflect upon the primordial mysteries of the stiango universe wherein 
our ephemeral thoughts live and die. When, upon the fiont of the 
Parthenon some rival of Phidias had out that exquisite equestrian 
frieze, he must have stepped back a moment so as to judge his work 
the batter as a whole, and then later, forgetful of his own efforts, have 
become absorbed m the vast harmony of the whole great temple. 
And so all the great wise men worthy of the name feel toward the 
universe 

The philosophical ideas of PoincaiA have deeply impressed all 
those who think. They have helped through them tendencies to give 
the intellectual attributes of our generation its so definite profile. By 
smgular chance they have stured the most adverso camps. Each one 
has wished to use them for their weapons, vain desires, for these 
ideas soar far above them, and, indeed, such ideas sometimes seem 
to rmchain and reanimate quarrels of other ages Whence does th^ 
man get this strange power of moving thus, despite himself, by his 
thoughts alone, in this abstract domain, in a realistic epoch where the 
conflicts of every-day life press harder than ever upon the world of 
ideals ? This power is due to PomcarAs intellectual superiority and 
especiaUy to his thorough sincerity. In what way are these new points 
of view which this great man has developed so suggestive, so useful, 
so convincing ? Let us try to find out. 

If we exclude the bitter, ever-present struggle for better living, 
which does not gain in dignity as we pass fi’om animal to man, it 
seems as if all man’s striving came sokly because he thu=ts both fte 
truth and for justice. And we always fin<l, e with Dr. 1 angloss, 



who was a raythological bomg dead without descendants^ that in 
reality justice is not always the rule The two wordsj ti nth and jus- 
tice, which %ve are accustomed to couple, correspond in a certani way 
to states which the very nature of tiungs render mutually exclusive. 
Some men, whom truth, the desire for knowledge above all else, 
attracts, follow to their last consequences the dictates of reason even 
though they drown m the bitterness of then dearest illusions The 
others, ever protected by that magic potion called justice, and which 
some intuition, whence I know not, assures them must exist, deliber- 
ately turn their eyes from exterior reality which at every atoj) spoils 
their dieam To them it is enough that a thing bo just in order that 
it be the truth. Then inner ideals are a superior guide to outside 
reality 

The first mode serves as a mantle for diveiae forms of materialisms, 
rationalisms, positivism, scientism, the second rules as mistress to 
various spmtuai doctrines of which the most recent and suggestive 
is pragmatism iii its various forms. Contraiy to its various prede- 
cessors, pragmatism pretends not to ignore science With varied 
shades and pretenses, often modified by circumstances, these two 
tendencies have separated men as far back as we go m history Nor 
con it be otherwise m the future As long as our nature is what it is 
are we condemned to toss between these two extremes, which are 
called intehigeuce and sentiment, reasoning and dreaming, the reality 
and the ideal. Wo may sum up all histoiy of the torments of human 
thought by that name which Goethe gave to one of his most beautiful 
books, “ Wahi’heit tmd Dichtung” (truth and fiction) 

The Conflict becomes especially bitter and irritating when it no 
longer takes place between schools of thought but between individuals. 
Sometimes one sect seems to be supreme Oftentimes both lose. 
The love for the ideal and the taste for the real, lost in the bitter con- 
test, leave the soul empty and lifeless Pomcar6’s philosophy shows 
how we may challenge both of these dogmatic extremes Nor does he 
do this with arms rusted and stacked m idle repose. He has nothing 
in common with a vague eclecticism, which, like the costume of 
Harlequm, made of pieces and bits, tries in vam to conceal with words 
' the wounds received and which no longer aunnves except in our col- 
lege educations, those museums of antiquities He attacks the 
problem at its very foundation, assignmg to each step its definite 
limitations He gives us reasons for doubt, but the same time 
reasons for ac+ion. for loving the beautiful and the true, even though 
they may nm be accessible. May we not love the stars even though 
we can not touch them ? 

To a auperficial observer aciejitific truth is beyond the pale of doubt, scientific - 
logic is infa l lible, if sometimea a scientiat is deceived it is because he has overlooked 
some conditions 
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Mathematical truths aie deiived from a few self-evident axioms by an unimpeach- 
able chain of leasouing They rule not only ovei us but ovei nature herself They 
hoiit in a way even the Creator He can choose ortly between a few possible solu- 
tiona We need, then, only a few trials to know what choice he made From every 
experiment many consequences may follow through a senes of mathematical clodvic- 
tions, each one leading into knowledge of some new corner of the uirii erse 
Note the aignificiuce of these facts for the good of the people, the impoitance to 
those colleges which first discover the physical basis of some scientific tmlh But 
note how they have miamiderstood the relation of expenments and maihemabcs, for 
hunch eds of years philosophers have made worlds of dreams based as little as possible 
upon facts 

Poinoar6 first undertook to show the weakness of that creed winch 
refers all phenomena to time, numbei, and space, and which was left 
to us by the traditions of the seventeenth and eighteenth centuries. 
The “mathematical universe,” that dream sketched by Descartes and 
elaborated by tbe great encyclopaedists, expressed the very essence 
of everyt hin g in an absolute, definite geometrical form. According 
to tbe Cartesian conception, all the properties of matter are reducible 
to extension and movement, matter hid nothing further This 
ambitious dream was indulged m not only by the people and tho 
colleges, as Poincar5 has stated, but oven in our days by scientists of 
considerable repute, notably in the work of the celebrated German 
naturalist Haeckel, who developed such a system and with naivo 
arrogance believed he had solved the “nddle of the umveme ” 

There has been quite a little doubt since Kant whether these no- 
tions of tune and space upon which this metaphysical atructmo is 
based, tlus absolute pragmatism, if I may use that term, are not a 
little subjective That at once renders the very foundations of their 
structure insecure. But it was PoincarS’s task to show in a not easily 
refutable, scientific maimer what was to be thought of these fim da- 
mental ideas. For that he exammed in turn the vanous sciences 
based upon geometrical form, first, geometry itself, then mechanics, 
and finally physics. 

Mathematics was first tried Complete rationalism after having 
first pursued dogma and the absolute into their ancient fortress, by 
a strange and somewhat ■ps”'' cel restored them to mathe- 
matics. He behoved that • . ' ■ ■ ■ ' . not he what it seemed. 

There seemed to be something of fatality, necessity, which could 
not be got away from about it. When all our ideas melted away it 
alone remained solid like a rock in the ocean, under cover of the con- 
LiTiaoucLo-i end the relative 



riglifc lane/’ For centuries the greatest efforts have been made to 
demonstrate that postulate, and then durmg the last century the 
Russian Lobatschefski and the Hungarian Bolyai almost simulta- 
neously showed that such a demonstration is impossible. Yet the 
AcadSmie des Sciences each year receives a dozen or so pseudo- 
demonstrations of that postulate. 

Loliatschefski did even better" Supposing that several parallel 
Imes can he diawn through a point parallel to a given right Ime, 
retaming the other axioms of geometry, he proved a succession of 
strange theorems, between which it was impossible to find any mcon- 
aistency, and built a new geometry, no more imunpeachable logically 
than the ordinary Euclidean geometry. Then Riemann and yet 
others came who showed that we could constiuct as many moie geom- 
etries as we wished, each perfectly logical and coherent. The theo- 
rems of these new geometnes are sometimes very odd For mstance, 
the followmg one, imagined by Pomcar6 lumself, has been demon- 
strated A real nght Ime can be perpendicular to itself 

I imagme that architects and engmeers would scarcely admit such 
deductions, although they are m no way logically contradictory. 
That brings us to the kernel of our discussion If, as results from 
what has preceded, the axioms of geometiy are only conventions, or, 
as PomcarS has expressed them, "defimtions in disguise,” and if the 
Euclidean geometry is no more absolutely true than any other, why 
have men chosen and used it ? Because it is better adapted to our 
needs, to our daily life, to the exterior world m which we live; because 
in this world its theorems reduce to the simplest possible form the 
relationships between thongs. A measurer could express just as 
accurately by means of a Lobatschefskian geometry the relation 
between the volume and the sides of a cube of wood But it happens 
from the nature of a cube of wood, or rather from the way our senses 
comprehend it, that those relations would he more complex than with 
the ordmary Euclidean geometry. It is possible to imagine a world 
so Constructed physically that men havmg our brains — that is, our 
kind of logic— would not find Euclidean geometry the simplest 

Geometry, then, is no longer the itmer temple of the absolute. It 
IS an arbitrary creation of our mteUect. It can inform us only rela- 
tively to the coiTespondmg logical developments However, in a 
certam sense geometry depends also on experience, smee, as we have 
]ust seen, the exterior world appears simplest in the Euclidean, 
aspect. That does not mean that geometrical truths can bo proved 
or mvalidated by experiment. Our mstruments and (uu ncn-cs tiro 
imperfect, whereas a geometrical theorem wMch is not iwacilv true 
is false If we measure with our mstruments the ^um of the angles 
of a triangle drawn upon paper, we shall never find ihem cxncllv 
equal to two right angles Sometimes we will hud the sum .sinuller, by 
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perhaps a millionth, as much smallei as you please, but nevertheless 
smaller, which would verify a theorem of the Lobatschefslaan geom- 
etry, sometimes a little greater but sufficient to 001^01111 to a Riemann 
geometry Experiment, then, does not show tho exclusive truth of 
Euclidean geometry, which, like the others, is at the bottom an edifice 
formed by logic If the Euclidean method is innate In us, it is doubt- 
less because of ancestral experiences, because the bram of man has 
httle by little been adapted to the exterior world by natural selection 
and because Euclidean geomeky has proved to be "the most advan- 
tageous to mankind, m other words, tho most fit ” 

If in mathematics deduction is almost all, fact almost notlnng, we 
find the reverse in the observational sciences Pure deduction can 
teach us very httle about nature except in an indirect way, and then 
only because our brain has httle by little become harmonized to the 
extenor world with the fewest clashes possible In that sense, cer- 
tainly, the study of our mteUect teaches us inchrectly of the universe 
itself just as the appearance of a moital wound indicates to the 
mechcal expert the instrument employed and the gesture of the 
assassin But that evidence is not only indirect, hut it is incom- 
plete, for it tells us nothing of those external couditaons not involved 
in the adaptation of the species These latter are tho more numerous. 
Accordingly, the discoveries due to the experimental sciences are 
unhmited, whereas those from pure deduction are doubtless himted 
It IS better to observe than to reason, and doubtless m that sense 
Poincar 6 is to be understood when he wrote in regard to the methods 
of the physical sciences “ Experience is the sole source of aU truth. 
It alone can teach us new things It alone can give us certainty ” 

But, then, should not the theorems of mathematical physics, 
which are but the synthesis and expression of physical experiences, 
furmsh us with a defimtive, although in a way dogmatic, image of 
the universe such as certain plulosoplues have promised ? We onco 
beheved so; but having observed how precarious was the fortime of 
such theories and how rapidly and lepeatedly tlie most bnlhant gave 
way to others, some have been pleased to call science futile and only 
a source of enor. But Poincard has shoivn that physical theories 
deserve neither such excesses of honor nor of indignity and has 
brought their blind adorers as well as their systematic detractors to 
a more sane view 

Observation and expenence furmsh the physical facts to the 
physicist. Should he be content merely to accumulate them ? No, 
for " he must coordinate them Science is built with facts as houses 
are with stones; but an arcumnlalion of facts is no more a science 
than a heap of stones a bouse ' and. funher, a physicist must 
‘^predict” phenomena So he gpiu'iah/e-' v bet he has observed, 
interpolating, connecting by a iuu' ibo i^nlaual facts; then he pro- 



longs that hne^ extending it into a region not yet observed whei e the co- 
ordinates of his curve indicate to him new phenomena Then by further 
experiments he may test these predicted phenomena to see whether dr 
not he has truly prethcted If truly, then his extrapolation was justi- 
fied and expresses leal lelationships; if not, then he must try again 

Unless I have been deceived, the picture just sketched indicates 
just exactly the purpose of mathematical physics and the part it 
plays both m synthesis and m prediction. The inathomatical 
expressions of physical theory are algebraic translations of the 
curves such as I have just described and which the physicist mentally 
draws The better a physical theory expresses the real relationships 
between the phenomena, the better will it predict hidden relations veri- 
fiable by trial and the more useful it vnU be, the more fit, the more true. 

But the truth of a theory must not be misunderstood No theory 
could be more useful than Fresnel’s in attributing hght to move- 
ments of the ether. To-day we prefer that of Maxwell, which sup- 
poses hght IS due to oscfilatmg electnc currents Does that mean 
that the theory of Fresnel was einoneous* No, for the object of 
Fresnel was not to prove the existence of the ether or whether or not 
it IS formed of atoms, whether these atoms move tins or that way; 
his object was to predict optical phenomena For that the theory of 
Fresnel serves to-day as well as it did before Maxwell Wliat 
changes is only the picture by which we represent the objects between 
which the physicist has discovered and proved relationships . Various 
reasons make us from time to time change these pictures which other- 
wise are ummportaat But it is these pictures alone which change; 
the relationships always remain true provided they rest upon well- 
observed facts 

It is because of this common foundation upon truth that the most 
ephemeral theones do not die in every part; but hke the torch winch 
the couriers of ancient times passed on from hand to hand, each 
theory transmits to its successor that which is the only accessible 
reahty, namely, the group of laws which expi esses the relationships 
existmg between things. These conclusions reached by Poincar6 
relative to physics hold as well for the other branches of science, 
chemistry, tho biplogical sciences, even for those sciences which ore 
yet young and classed as moral or social, smee they all branch out 
from physics, and according to then nature, have' for their final 
object the foundation of then more or less complex laws upon those 
of physics, accordingly, upon the latter will be baaed ^ of our 
knowledge of the world. 

It is clear that the conclusions of Poincare reduce to its proper yalue, 
which is a minumum, a certain common materialism which dreams of 
attaining the absolute and inclosing it in several differential equations. ' 
There is not, there can not, be a metaphysical conception of science. 
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Those 'who, in the name of Poincar6, have proclaimed anew the 
failure of science have not understood him Otherwise tliey would 
Have seen that he battered down only a certain interpretation of 
science made by men who chd not Imow it at all The attitude of 
Poincard has nothing m common with that of the men of the rank 
and file whose agnosticism iH conceals their ignorance and upon 
whom he sometimes hked to use Ins indulgent irony '“It is not 
enough to doubt indiscriminately, we must Icnow why we doubt ” 

The fragile nature of scientific theoiies proves nothing against 
science, they are only show coses, shop windows, fiames wherein we 
arrange moie or less conveniently oni treasures It is just the same 
as when for our world’s fairs we gather togethei all the must marvel- 
ous products of our industries m ephemeral palaces built of mill 
boards but of the most brdhant designs, and then because the wind 
and the ram demohsh these structures of boards, if we tiy to keep 
them too long, or because we demolish them oureelves to biidd agam 
others yet differently to expose anew our products, who would dare 
to say that our human industries had failed? But that is just the 
way these men reason, who, may I so call them, are the pei’petual 
assignees of the failure of science Is it not just as a blind man 
would reason if it occurred to him to disparage the hght of the stam? 

But, side by side of these simple and ingenuous detractors, there 
has recently arisen a new class which criticizes and diminishes the 
value of science; they uphold a body of doctrine due to a very intel- 
ligent, educated, subtle set of men who belong moie or less to the 
new school of pragmatic philosophy. They pretend to draw argu- 
ments fiom the ideas of Poincai^. What would he think of them? 

YiTiat gives pragmatism its absorbing interest is that while not 
ignoring science, argumg indeed from its results, it appeals to other 
criteria than reason. But this is not the time to examine these 
doctrines In order to laiow what Pomcarfi Inmself thought of 
them let us ask him There at once arises an essential antinomy 
The aim of pragmatism, whence its name, is action, piactical service, 
and if science has a value it is as a means of action and because it 
furnishes us with practical and useful rules. To Poincar^, on the 
other hand, it is knowledge which is the end of action If he waa 
glad of industrial development, it was not only because it furnished a 
ready argument to the defenders of science, but also because, by 
freemg men more and more from material cares, it would some day 
give to all the leisure to work for science 

This point of view is not only full of nob]''’^(''!= it is 

, indeed richer in useful consequences than '.i.i ■ . \ ■ ''i ' 

itself For a century and a half the pragmatists as well as the posi- 
tivists (how can we refrain from wondering at the strange bond 
which umtes two such different schools ?) looked upon the discoveries 



which Galyanus and Volta made upon the frogs as perfectly idle and 
nselegs, These men of science with a wholly disinterested curiosity 
ardently pursued their reseaiches It is from these little experiments, 
more or less then a plaything for the idle hours, that ell our electrical 
industries with their innumerable practical consequences have spiamg. 

To many pragmatists science is only a nominal thing, the scientist 
creates the fact throngh experiment, then he denatures the rough 
facts, transforming them into “scientific facts ” PoincarS replies, 
showing that “all a scientist creates in the fact is the language by 
which he expresses it ” If some day we find that the statement of a 
physical law is incomplete or ambiguous, we have merely to change 
the language by which it was expressed Because the language by 
which each one expresses the deeds of daily life is not free from ambi- 
guity, should we conclude that these happenmgs of daily life are 
only the work of grammaiians 1 

Finally, and this is the culmmatmg point, the pragmatists con- 
sider science an aitifioial creation, contingent, uncertain, and teach- 
ing us nothing of objective reality. Has not Poiacar6 shown, indeed, 
that the mathematical sciences are contingent and that physical 
theories express only the relations between thmgs and not the objects 
themselves ? But here Poinard calls, “Halt, there!” He shows that 
the only objective reality is precisely these relations between thmgs. 

The first condition of the objectivity to us of extenor objects is 
that they aie common to other thmkiug beings, which fact we may 
Icnow by comparing their impressions with our own Perhaps, m my 
opinion, ‘ Ponicard goes a little too far when he afiirms that this 
guarantees the existence of the exterior world, that this suffices to 
distmguish the reel from a dream. We could, mdeed, imagme our 
whole life a dream, with beings similar to ourselves tellmg us of sen- 
sations analogous to our own in. regard to objects, so that the fiction 
of our dream seemed outside of ourselves But this is not the place 
to discuss the reality of the exterior world, since its existence is pos- 
tulated both in tho scientific and m the opposing theories. The 
existence of what we call the external world being placed beyond 
doubt both by the scientists and by the pragmatists, it results clearly 
from what has just been said that since it is through “discourse,” 
language, that men exchange sensations, there is no objectivity with- 
out “discourse ” Discourse which, according to certain nominalists 
creates nonexistent facts and , is a veil before objectivity, becomes, 
on the contrary, its necessary condition. But, on the other hand, 
“the sensations of others are for us an eternally closed world.” I 
shall never laiow whether the color sensation produced upon me by a 
bluet and by tho first and thud stripes of the French flag are the 
same as yours All that I know if *v’>h me, the 

bluet and these stripes produce a >■!' ■bn .i.'i .■ 'u' i we oail 
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blue, or otberwiso, and that the third stripe, with you as with me, 
produces a different sensation from the first. Thus what is "pure 
(juahty” in sensations is nontransmissibla and unpenetrable Only 
the relations between the sensations aie transmissible, and conse- 
quently may have an ob] ective value And that is why science, which 
furnishes us with the relations existing between phenomena, tells us 
of all that IS puiely objective. 

The profound and subtle criticism which Pomcau6 has made of 
scientific theories leads us lu no way to agnostic conclusions Those 
who have tiled to use it to contest the value of science have leasoned 
wrongly 

[Heie follows m the original French, Section V, discussmg Pom- 
oair6 and the moral problem, which is necessanly omitted from the 
present translation on account of the length of the entire paper.] 

VI CONCLUSION 

A great inventor, a gieat philosopher, Pomcarfi was also a great 
writer If it were for literary ment alone he would deserve study 
TTis language was vigorous and vivid, ■with a consciseness and cleai- 
ness pecuharly French, He did not disdain to clothe any profound 
thought m the garb of a pretty phrase wherem he gi’ouped himself 
with, the encyclopedists who, like d’Alembert, behoved a precious 
liquor yet finer when served in a finely cut gloss 

Thelast century has pioduced experimenteisof genius hkePasteur — 
men of astonishing' intuition like Maxwell It has not produced men 
who have done as much as Poincarg for the progiess of the purely 
deductive sciences and for mathematical discipline, or who like hnu 
could "think science” and place it exactly The picture which he 
has left us is at the same time sad and encouraging. Science has its 
limits It can Icnow only the relative, but m that it is supreme As 
to wishmg to penetrate mto what is called the absolute — the things 
in themselves”— these questions are not only insoluble but illusory 
and void of sense. Science is an asymptote to the total truth as is the 
hyperbola an asymptote to its directrices, and futher, like the hj^ier- 
bola, it extends without end 

In the somber forest of mystery, learnmg is like a glade. Men 
enlarge continuously the circle which holders the clearing. But at 
the same time it contmnously touches the shadf's of the unbiowu 
at a greater number of points No one on the h()i ilcis ol dus glade 
has Imown how to gather newer and more magnificent flowers than 
has Henri Pomcar6, So, as long as there are men -who think that it 
is noble to live at the summit where harsh truth is enthroned, his 
. Loraine name will tremble on their bps 

If I may paraphrase a famous saying, he was one of the essential 

nlement.s of human thought. 
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